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The purpcKc of this hook l^. lo ^U|)]>!v a (kanand for a treatise 
on the siihje( I of eottonseeil which should deal not onlv with llic 
extrae'tion of the oil from the h-c-iI, hul with the utili/ation of the 
] trod acts of the seecl a^ well. With thi^ luirpcwe in view, this book 
is sfihmitled to a clientele which iiuhales the technical student, 
‘Jie iiraelieal man in the fat and oil inclusiries, tlic‘ c ottonseecl-oil 
miller and, last hut in nowise least, the consumer of the produels 
of cottonseed. 

The rise of the cottonseecl inchislr\ during the past two decades 
has been a phenomenon amone |)henomt*na that have made the 
United Slates the j^remier industrial nation of the world. It has 
dotted the South from the Rcitinoke to the Rio Grande with 6iS* 
seicarate mills utilizing; in an intricate and eosily manuf.ic luring 
])rc)cess what forty yc-ars ago was a nuisanee that recptirecl for its 
control the enactment of legisl.ilion. The economic signitieanec 
of this injection of industrial blood into the anteinie veins of a body 
laid prostrate by a great internecine struggle, does not csc'a|je the 
student of social conditions. 

Our interest in this book, however, is confined to the* products 
oblaineci from the seecl of the colloivplant; how they are made 
into saleable goods of great v.ilue, and how these in turn are used 
in the iirocluclion of other goods essential to human sustemince 
titicl elemfort. These procluels, like all others that rise to compete 
with similar ones alreadv in use, ha\e run the' gauntlet of suspicion, 
recognition, ami adoption. They ha\e been compelled lo mas- 

\ (.in\ .iss lt\- null of liiu ((^l^ln^(-(‘cl-oll indu'.lrs rr\ u.ils thu fan Ihai ( p oUon- 
M cil oil niilK r<'^;iniU(l sc(‘.|of thr ^lowtli of i(;o,^. lo. Hiiruau of ('«*nsus. 
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PREFACE. 


qucradc, and to fight for recognition; and recognition having been 
obtained, the industry has been subjected to restrictions through 
legislation to limit the use of a product based on merit and native 
value. 

In the preparation of this book, tribute has been levied upon 
reports of the XII. Census and upon numerous publications of the 
Divisions of the Department of Agriculture. Analytical data have 
been used exclusively from these sources and to that degree are 
authentic and reliable. The Report of the Commissioner of Agri¬ 
culture of North Carolina for 1903 has contributed matter relating 
to the feeding and fertilizing value of cottonseed and their products. 
For illustrations of machinery, credit is due to the Cardwell Machine 
Company of Richmond, Va., to the Planters’ Compress Company 
of Boston, Mass., to the E. Van Winkle Gin and Machine Works 
of Atlanta, Ga., to the Continental Gin Company of Birmingham, 
Ala., to the Stillwcll-Bierce and Sraith-Vaile Company of Daytoij^ 
Ohio, to the Foos Manufacturing Company of Springfield, Ohio, 
to the French Oil Mill Machinery Company of Piqua, Ohio, to the 
Hersey Manufacturing Company of Boston, Mass., to the Lobce 
Pump Co., Buffalo, N. Y., and to Houchin and Huber, Brooklyn, 
N. Y. 


L. L. L. 
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COTTONSEED PRODUCTS. 


CHAITKK I. 

TFIIO COTT()N'-I’L.\NT. 

The Plant. GcoRraphiral Distnljiiliori .Xn-a of Cultivation in the United 
States. The Fibre Ciinnine lialine. The Seed 

. To the technical student of t oitonsced jiroducts, and especitdiy 
lo those who are chictly concerned with their |)nictical utilization, 
interest in the plttnt tliat Itetirs tlie seed involves ttpplication to 
a remote province of work. likewise the art for uhicli the [tlant 
is primarily cultivated is, in ils intricacy, e.vtent, and numerous 
branches, equally remote. Our present interest in the cotton-plant 
is confined to its function of Iiearino an oil-procluc iiyy seed ancl in 
nowise includes the utilization of the fibre nilh which the seed is 
covered. Wherever the ])lant is cultivated sc'eci is produced, ancl 
from the seed may be e.xpressed a valuable oil. Our interest in 
the subject of its geographical distribution ancl area of cultivation 
is chielly from the standpoint of jiresenl and jirospcs tivc supplies 
of seed and oil. 

The Plant.—The cotton-plant in a state of nature is a perennial 
shrub growing to a height of 6 to 8 feet, but in cultivation it is an 
annual or biennial y, to 4 feet high, with main stem erect, with smooth, 
graceful, sli?ncler, spreading branclu's bearing three- to li\edobed 
leaves. On jilanting the seed is drilled in rows about four feet apart, 
and as the seed s[)rc)uts, the plants are thinned out to about a foot 
apart. The earliest jilanting occurs in southern Te.vas March lythe 
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first blooms appear May 15; the first bolls o])en June 15; picking com¬ 
mences July 10. Corresponding time ekqiscs in the same intervals 
of the development of the plant in other sections of the cotton belt. 
Thus, in northern Georgia seed is ])lanted April 10; first blooms 
appear June 20; first bolls open July 20; picking commences 
August 20. The picking season averages 100 days in duration. 



Fk.. l.--rplatMl (’otton-pl.int. 


An ordinary' hand will ])ick at least 100 pounds of cotton per day. 
The cotton-plant is much suhjeit to the depredations of insects, 
chiefly the cotton-worm, boll-worm, and Mexican cotton-boll weevil, 
which inflict enormous loss, as well as to diseases due to physio¬ 
logical causes, fungi, and w’orms. 

Geographical Distribution.—Cotton in its several species and • 
many varieties is a j)roduct which belongs to all tropical countries, 
for the plant has been so widely distributed and has been in culti¬ 
vation so long a time that in many of these countries it is considered 
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Indigenous. Spon gives the geogni[)hical parallels between which 
cotton is usually cultivated a-, stretching in varying girdles between 
36° north latitude and 3()° south latitude, though hivans * places 
the parallels at 40° or more on either side of the e(|ualor, or to the 
isothermal line of 60° Fahr. In the United States 37“ north latitude 
about represents the limits of economic growth. On the accom¬ 
panying map are shown the regions of cultivation of present economic 
importance. (See frontispiece.) 

The Fibre.- The lint, or libre, of cotton is the seed-litiirs which 
are found in the point, or boll, of the phint after maturity. The 



1‘1(. 2, Collmi oil tlic Seed. 

value of the lint depends upon the length of these seed-hairs, and 
this is known as the “staple.” Naturally the “short sttiplcs” are 
of less value tluin the “long staples.” Uphind cotton, which forms 
the greater part of that grown in the I'nited States, is an example 
of the former; sea-island cotton, of the latter. Seen longitudinally 
the fibres.of cotton appear (|uite independent of each other; they 
are Hat and more or less twisted, like a corkscrew. Long staple 
varies from i to il inches in length; .short staple, ^ to J inch. 
Fig. 2 shows the stajile carefully smoothed out to show the seed) 
naturally the fibre is in a conglomerate mass about the seed. . 


* lUill. 33, U. S. Dept, of Agr. 



4 


COTTONSEED PRODUCTS. 


Area of Cultivation in the United States. —In the United States 
the upland-cotton belt extends from southeast Virginia to Texas 
and its distribution is mainly between the tide-water district and 
the foot-hills of the Appalachian mountain system. The deep 
alluvial soils of the Mississippi Valley favor extension of cotton¬ 
growing much farther northward, from the sugar district of south¬ 
ern Louisiana to the southern border of Missouri, including most 
of Arkansas and western Tennessee, while the higher elevation of 
central and eastern Tennessee limits culture and diverts sharply 
the line of limitation around the foot-hills of northwestern Georgia". 
Fifty years ago Mississippi, near the then western border of cultivation, 
had suqjassed other States and produced nearly one-fourth the 
product; now Texas, on the extreme west, yields one-third of the 
crop doubled in volume. Except a very limitcfl area in Virginia, 
Kentucky, Missouri, and Oklahoma, cultivation is mainly con¬ 
fined to suitable and comparatively limited districts in North and 
South Carolina, Georgia, Florida, Alabama, Mississippi, Tennessee, 
Arkansas, Louisiana, and Texas. 

Ginning. —Prior to the invention of the cotton-gin by Eli Whit¬ 
ney in 1794 the separation of the seed from the lint cotton was so 
difficult as to limit the cultivation of cottyn. This separation o' 
the seed from the lint had to be done by hand, a task being 4 pound; 
of lint cotton per week for each head of the family, working at niglv 
in addition to the usual field-work. Thus it would take one persor 
two years to turn out the quantity of cotton contained in one average 
standard bale. One machine will gin from three to fifteen 500-pount 
bales per day, dependent ujion its [tower and .saw capacity. While 
several machine, hael been inventeel for the seeding of cotton, it was 
reserved for Eli Whitney to inaugurate, by his invention, the era 
which was to perfect the industry of “cotton-ginning” anel revolu¬ 
tionize the culture and commerce of the staple. 

The primitive saw-gin was o[)erated by hand and was of necessity 
exceedingly limited in cajtacity. The first very substantial advance¬ 
ment, resulting from years of research, was the horse-pdwer attach¬ 
ment for ginning and baling, which brought the old-fashioned cotton- 
ginnery and screw. The motive power for this ginnery consisted ol 
twot four, or more horses or mules. The cotton was hauled in wagons 



Fig. 3.—From Semple’s “ Aniencan Hi-'tur\- atul its Gco^rapliic ^ onUitions ’’ By permission of Houghton, Mifflin ic Co. 
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to the gin-house, unloaded by hand into bins, carried again by hand 
to a platform, and thence fed by hand into the gin. By the old- 
fashioned ginnery and screw the lint cotton was blown by a brush 
from the saw-gin into a lint-room, where it was often allowed to 
accumulate, awaiting a rainy day or other opportune occasion for 
baling. It was then conveyed in baskets or sheets to the single 
press-box of the old “wooden screw,” which was located some 30 or 
40 feet from the gin-house. There it was dumped into the box and 
trampled by foot until a suiTicient (juantity was inclosed to make a 
bale. By mctins of a horse at the le\er or wing of the press the 
follow-blotk, upon which the screw was pivoted, was forced down 
or up, as the case might be, until the desired bale density was 
attained. Jute Iragging was generally used as a wrapping, and 
the shape of the bale was preserved, at first by the use of rope, and 
later by means of iron bands, called “ties.” 

A few of these “landmarks” are yet found throughout the cotton 
belt, though they are now curiosities. It is scarcely necessary to 
say that this old method of handling cotton at the gin was exceed¬ 
ingly laborious, wasteful, and unhealthy, and that nothing but 
cheap labor and high prices for the staple allowed it to continue 
as long as it did. 

Much time, labor, and money have been expended in efforts 
to combine ginning and baling plants, to the end that greater speed 
might be gained, labor economi/.ed, and other desired reforms 
attained in handling seed cotton. The outcome is automatic gin¬ 
neries, practically doing away with labor, and yielding from five 
to ten times as much lint cotton per day as was possible by the earlier 
processes. 

Fig. 4 shows a section of a modern cotton-gin through the saw D, 
mounted on the saw cylinder C. E indicates the grating through 
which the teeth of the saws project \ to ] of an inch and grasp the 
seed cotton fed into the seed-box A. The saws, shown in per¬ 
spective in Fig. 5, make about 250 revolutions per miifUte and 
impart a rolling motion to the mass of seed in the boX A, from 
which the fibre is cut by the saws and from them removed by a 
brush, shown in perspective in Fig. 6, and mounted on the shaft J 
The feed of seed cotton is directed to the outside of the mass of 
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seed lying against the saws. C'leaning of the seed is regulated by 
the ir.ovable iron jilatc M, adjusted by the screw N. The brush 
revolves \ery rapidly (1200 to 1500 revolutions per minute) and 
throws the cotton with aid of air-current into the condenser in the 
rear. (Sec Tig. rg.) The condenser consists of a rccolving cylinder 
of wire cloth U])on which the lint is collected and delivered in the 
form of a sheet. The seed when .satisfactorily delinted are dis¬ 
charged in front and dellecled into storage-bins. 

A modern ginnery, shown in Tig. 7, containing four gins of 70 saws 
each with a double sciuare btile itress ;ind suction tipparalus altacjied 
requires an 8o-horse-power engine. Such a jjk.nt in constant oper¬ 
ation will cield from .)o to 60 btiles of cotton per dav. The wtigon, 
loaded with seed cotton, is dricen under ;i Ilexible slip of a joint 
pi[)C, and the cotton is drawn up by the suction c reated bv an exhaust- 
fan xvhich is connected xvith the retir of the viicuum sepamtor and 
cleaner, by this separator and cletmer the dust, sand, and leaf 
trash are sifted and drawn through by suction, tincl thus freecl from 
impurities the cotton is conceyed through a distributer to the auto¬ 
matic gin-feeders. After filling all of the feeders the suqilus cotton 
falls out at the end of the tiutomatic tube tincl drojis iijcon the lloor or 
into a bin. When the cotton is all out of the wagon or bin, as the 
case may be, the ginner, by means of a simple'lever, causes the suc¬ 
tion to change from the direction of the wagon to that of the overflow, 
and the overflow cotton is conveyed to the gin-feeders. Troni all 
the gins the cotton is conducted by a flue system to ti condenser, and 
fed into one bo.x of the .self-packing revolving double press. In this 
way lint is ginned into one bo.x while the bale is being pre.ssed out 
of the other. Thus the cotton need not be touched by hand from 
the time it leaves the wagon or bin until it is delivered, a perfect 
bale, upon the platform where it is loaded ready for market. 

Thus from the “hand seeder,” yielding about 4 jtounds of lint 
cotton per week, advance has been made to the saw-gin, which, 
with a 40-saw ca])acity and horse-]cower, yielded about 2000 pounds 
per day, and finally to the comjrlete battery ginnery, carrying in 
some instances as many as fifteen 70-saw gins, ojiei'ated by steam 
and having a possible cajiacity of 150 bales, or 75,000 pounds, in 
twelve hours. The condenser and automatic press feed have suiier- 
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scdcd the old “wooden screw.” The laborious handlin;^ of the 
seed is avoided, it heinf^ blown either into a distant seed-room or 
into the waitin'' waf'on of the owner. In this way the life and value 
of the seed are |)reserved in conformity with the re(|uirements of 
the oil-mill. Thus the arduous labor heretofore attached to the 
cotton yinnerv has been wonderfully reduced, and life, limb, and 
property marvellously |)rolected. 



Fig. 7. —Modern Cotton-ginnery—Square Bale. 


Possibly no invention ever ettused so rajtid a development of 
the indu.stry with which it wtts tissociated ;is that brought through 
the saw totton-gin. In 1793 the e.yjtortation of cotton from the 
United States wtts 487,500 itounds, or ()7S bales of an average weight 
of 500 ])ounds. In 1794, the yettr in which the Whitney gin was 
patented, the number of |)ounds of cotton ex[)orted frcmi the United 
States fi-as 1,600,000, e(|uivalent to 3200 bales of a soo-ixmnd .stand¬ 
ard. This large jiroduction so frightened the cotton-farmers, in antici¬ 
pation of an overproduction of the crop, as to cause them to pledge 
themselves to desist from its production. One of these farmers, 
looking upon his crop gathered for that year, e.xclaimcd, “•! have 
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done with the cultivation of cotton; there is enough in that gin- 
house to make stockings for all the j)eople in America.” And yet 
within one hundred years, 1800 to 1900, the production of cotton 
in the United Stales has increased from, approximately, 80,000 to 
9,345,397 bales, 500-pound standard. 

Baling.—The art of pressing cotton has ])resentcd to inventors 
unusual diniculties. .Xmong the recent and more economic methods 
of baling cotton is the introduction of a bale of uniform si/,e tend 
weight, -and possessing greater density. With many (.)f those who 
advocate the square bale there is a belief that the density of that' 
package may be so increased as to avoid the jeresent necessity of 
recompression. Alretidy inventions have been made jmomising 
this result, bitt none have as yet come into general use. The pres¬ 
ent accepted square bale of commerce is 54 inches in length, vary¬ 
ing in breadth from 24 to 27 inches, and pressed down to a thick¬ 
ness of 28 to 30 inches. 

Out of the efforts to devise superior systems of ])reparing lint 
cotton for market have come a grettt number of inventions fur j)ro- 
ducing packages of various sha])cs and weights. But of the scores 
of presses invented during the ]):tst five years for baling cotton in 
cylindrical form there have been only two put into practical operation. 
One of these is called the Ressonette, or Round Lap, system. 
By this system the lint, as it comes from the gin, is blown into a 
storage-reservoir and bat-former, where it is converted into a con¬ 
tinuous bat of even thickness, and wound around a cone under a 
pressure which, light at first, is gradually increased automatically 
by two rollers operating at opposite sides, until the bale attains its 
full density. By this steady exertion of an even jjressure gradually 
applied to all the cotton in detail, bales arc produced 22 inches in 
diameter and 35 and 48 inches in length, weighing on an average 
370 and 425 pounds respectively. The bales require no further 
compression, as they possess a density of 35 pounds per cubic foot 
as compared with a density of 22.5 pounds in the old compressed 
square bale. This package is self-containing, holding its'form and 
density by adhesion of fibre to fibre and layer to layer, thus avoid¬ 
ing the necessity of iron bands to preserve its shape. The first 
round-lap-bale press was set up in the United States in 1894. Its 



THE COrrON-PLA^T. 


II 


product was much heavier than the present bale, reacliing as great 
a weight as 500 pounds. 

Another round-bale process which has come into practical use 
is know'n as the Lowry system, and consists in feeding the lint cotton 



Fig. 8 .—Bessonette Press—Cylindrical Lap-bale. 

loose from the into a tube surrounded by a cap-plate with a 
number of slots therein radiating from the centre to the circum¬ 
ference. The bale is first started in the tube by packing cotton 
therein by hand. When this is done, and a relative revolution of 
the cap-plate and tube is cstalilished, the loose cotton thrown on top 
comes in contact with that inside the tube and is drawn in through 
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the slots, and the bale is thus built up endwise. In the Bessonette 
system pressure is applied from end to end of the bale at two points 
along the outside circumference, while in the Lowry system pressure 
is applied only to the end of the bale. The bale turned out by the 
Lowry press, in its earlier history, like that of the Bessonette press. 



Fig. 9 —I.<)wry Press—End-packed Cylindrical Bale. 

reached a weight of 500 pounds, but with this press also there has 
been a gradual tendency toward the lighter-weight ixickage, until 
at this time the average weight of the bale of its new pattern is but 
250 pounds. The bale is of uniform size, 18 inches irf diameter 
and 36 inches in length, and jiossesses a density of about 45 pounds 
per cubic foot, against 22.5 pounds attained in the compressed square 
bale.' 
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It is interesting to note that this press is being advantageously 
employed for baling hay and other fibrous commodities. There 
have been also more or less successful ex])eriments in ginning cotton 
with the device, converting the press into a roller-gin. Its successful 
cotton-jxicking history may be said to be confined to the past three 
seasons.* 

The Seed. —If a very immature boll be cut transversely, the cut 
section will show that it is divided by longitudinal walls into three 
to five divisions, iind the seed will be shown attached to the inner 
angle of e;ich division. The seed retain this attachment until they 
have nearly reached their mature si/.e :ind the growth of lint has 
begun on them, when their atlacliments begin to be absorbed and 
by the increased growth of the lint the seed are forced to the centre 
of the cavity. The develoinuent of the fibre commences at the end 
of the seed farthest from its attachment, and gradually spreads over 
ihc^seed as the ])rocess of growth continues. Tlie first appearance 
of the cotton fibre occurs a consi.lerable time before tlic seed has 
’ attained its full growth, and commences by the develoiiment of 
cells from the surface of the seed. 'I'liese cells seem to have their 
origin in the second layer of cellular tissue and force themselves 
through the e|)idermaMayer, which seems to be gradually absorbed. 
The length of the fibre caries considerably on different jiarts of the 
seed, being longest at the crown and shortest at the base. Each 
boll contains from 3’ to 36 seed. 

'I'he seed are almost hidden by the tuft of white fibre which 
covers the surface. They are irregularly egg-shaped, from 6 to 
c; mm. long and 4 to 5 mm. broad. The thick seed-coat is filled 
with the coiled embryo, which i. sprinkled with brownish resin- 
glands easily seen with the naked eye. The cells composing the 
embryo are filled with tlro])s of fat and other matter. The .seed 
contain about 20 per cent, of oil, which for hundreds of years was 
wa.sted, for the seeds proper were thrown away after stripping off 
the fibre. It is only within the ])resent century that they were con¬ 
sidered of any value e.xcept for iilanting. 

The ejuantity of seed pioduced is determined by multiplying 

■* Report im CoUoii-ginning, June, 1902. XII. Census. , 
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the number of pounds of lint cotton l)y 2, it beinj' an authenticated 
fact that seed cotton on an average “thirds itself” at the gin. That 



Fig. 10.--TJr.iiich Cotton plant Bearing Bolls in Various Stages of Development, 

is, one-third of the seed cotton’s weight before it is ginned is lint 
cotton, and the remaining two-thirds seed. 

TJie types of cotton grown in the United States produce two kinds 
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of seed, viz.: black seed, from sea-island cotton the limited growth 
of which is confined chielly to the islands and shores of .South Caro¬ 
lina and Georgia to l-'lurida, from which the sttiple is easily removed; 
and green seed, from upland cotton, to which the staple firmly 
adheres, making reginning necessarc, and which constitutes more 
than 99 per cent, of the total cotton crop. 



tie. II. —Siju-ire .ind CylimirK.il Cnttuii b.ik. 



CHAPTER ir. 

THE COTTONSEED INDUSTRY. 

Historical. Statistical. 

If there is one aspect more than any other that characterizes 
modem commercial and industrial development, particularly as 
we know it in the United States, it is the utilization of substances 
which in a primitive staf^e of the development of any industry were 
looked upon as worthless. They were secondary products incurred 
in the manufacture of the main commodity, for which the industrial 
acumen of the age found no use; or if a use were known, the preju¬ 
dices and conservatism of society allowed them to languish in the 
shadow of a similar commodity already strongly intrenched. 

Nature never jdays the part of a spendthrift. In the pursuit 
of her strong underlying puqxrsc, she provides, not primarily for 
man, but for the sustenance of the offspring.' All the food-products 
of the vegetable kingdom, from which man draws upon so lavishly, 
are simply concentrated food in compact form for the nourishment 
of the future seedling. Thi^ material, in most cases, is the part of 
the plant most desired by man for food. The value of most seed 
for sustaining human life was early recognized, but the rate at 
which they have been utilized for thi-. purpose has been dependent 
upon the simjilicity of the technical jrroccss necessaiy' for their 
elaboration, and the demand for them as a marketable commodity 
in whatever shape the essential ingredient occurred. 

The cotton-plant has been cultivated for its seed-hair from the 
earliest time and throughout a wide geographical area, Ixit it was 
only in 1783 that the attention of men of modern timc*s was first 
directed to the fact that the seed, for which the fibre exists as an 
instrument for its protection and dissemination, contained a useful 
oil. .It appears that in 1783 it was represented in London that oil 

16 
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might be procured from cottonseed, and a cask of seed was brought 
from the West Indies and presented to the Society of Arts, then 
engaged, as ever since, in the Encouragement of Arts, Manufactures, 
and Commerce. The seed were taken to a mill in the City of Lon¬ 
don, where the oil was extracted in the j)rescnce of the Secretary of 
the Society and several other persons. Samjiles of this oil were 
preserved by the Society. The remainder was used in various 
experiments to ascertain its qualities. In consequence of these 
experiments, the following offer of a premium for cottonseed-oil 
appeared in the Transactions of the Society Instituted at London 
for the Encouragement of Arts, Manufactures, and Commerce, 
Vol. I, 1783: 

“ The Society being informed that a considerable quantity of oil 
can be obtained from the Seed of Cotton, and that after the expres¬ 
sion of the oil, the remaining cake will afford a strong and hearty 
fooc^ for cattle; and likewise that the o[)eration can be api)lied to 
.the mill for sugar-cane, and worked in the rainy season, at a moder¬ 
ate expense, have resolved, for the foregoing reasons, that the pro¬ 
curing of oil from the Seed of Cotton is the proj)cr object of a pre¬ 
mium, considered as an encouragement for planters to extend the 
cultivation of Cotton, Its an article essentially requisite to increase 
the manufacture of that commodity in this country. 

“The Society thereby offer as follows: 

Oil from Cotton Seed. 

“ To the planter in any part of the British islands of the West 
Indies, who shall express oil from the Seed of Cotton, and make 
from the remaining seed hard and dry cakes, as food for cattle; 
the gold medal. 

“Certificates that not less than one ton of the oil has been 
expressed and five hundredweight of the cake obtained, to bo pro¬ 
duced to Jhe Society, with two gallons of the oil, and two dozen 
of the cakc.s together with a full account of the process, on or before 
the last Tuesday of November, 1785. 

“ For the next greatest quantity, not less than half a ton of oil, 
and two hundredweight of the cakes; the silver medal.” . 

The offer was made in subseiiucnt volumes of the Transactions 
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and the date postponed. The offer was discontinued after that 
which appears in Volume VII, 1789. Subsequent records of the 
Society contain nothing to indicate that its medals were ever avvardcil 
or applied for. 

Mills, in his statistics of South Carolina published in 1826, says 
that Benjamin Waring had established an oil-mill in Columbia, 
and “e.xpressed from cottonseed a very good oil.” 

The earliest record that we have of the beginnings of the tech¬ 
nical utilization of the seed for oil in America appeared in a coj))' 
of the Niles Keghlcr of 1829, from which an extract was made by 
a New Orleans newspajter and preserved to us by rei)ublicalion 
in the Oil, Paint, and Drug Reporter of New York. The extract 
runs; 

“Cottonseed yields a considerable portion of excellent oil. The 
difficulty of expressing it, in consequence of the quantity and absorb¬ 
ing (juality of the integuments of the kernel, has been so great .that 
heretofore no great quantity of the oil has l)ccn made. We are 
happy to announce that a highly rcsi)ccted gentleman of Peters¬ 
burg, Va., has invented a machine by which the seed is completely 
hulled and prepared for the easy expression of its oil. The impor¬ 
tance of this invention to the Southern country may be a])preciated 
from the fact that the inventor is erecting a cotton-gin, and will be 
shortly prepared to gin cotton for the seed only. This invention, 
as we understand it, consists of a granite cylinder, revolving within 
convex pieces of the same substance faced and placed in a peculiar 
manner. A hopper over the stone supplies the seed. A wire sieve 
under it separates the hull from the kernel. Dropping through a 
current of air from a wind-fan, it is delivered clean and ready for 
the press. This machine will probably rank in the country second 
only to Whitney’s gin. About twenty-five years ago Dr. George 
Hunter, chemist and druggist of Philadelphia, having made some 
experiments on the oil of cottonseed, thought it worth while to remove 
to New Orleans, w-here he carried two steam-engines,^ purchased 
from Oliver Evans, the one for the purpose of grinding cottonseed. 
He did not find the place so well suited to his purposes as he expected, 
and did not set up his manufactory. Afterward, about 1818, Col. 
Clark, an ingenious inventor, made some experiments on the oil of 
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cottonseed for burning in lam])s. Oil of cottonseed is selling at 
Providence, R. I., at 80 cents per gallon.” 

H arry Hammond states that about 1832 a small oil-mill was 
operated on an island off the Georgia coast. 

Until 1834 cottonseed raised in the United States had no com¬ 
mercial value. The ])l;;ntcrs used for planting purposes whatever 
seed thev needed, and the remainder was allowed to rot in the fields. 
In Natchez, Miss., in 1834 the first allemy)t to crush cottonseed 
and to e.\tra(t oil and cake therefrom was made.* The pioneers 
in the enterprise were Messrs. Jas. Hamilton Cooper and .Samuel 
Plumberof Georgia, assisted (hielly by Messrs. I'ollett of .Norfolk, Va., 
and Major Anderson Miller of Loc.isville, Kr. The enterprise 
was unsuccessful, and after hea\y i>ecuniary los.s the idea was aban¬ 
doned. In Ure’s Dictionary, 1843, cottonseed is mentioned in a list 
of forty-one i)lanls from which oil is obtained, but no further reference 
is made to it. It was not until 1847 that .sufficient interest was 
arou.sed to renewed efforts to express oil from the seed, when two 
citizens of New Orleans, Messrs. Frederkk Good and Wilber, 
attempted to solve the ])robleni, but unfortunately succeeded no 
better than their predecessors of thirteen years before. It is stated 
that Mr. Good was w1)nt to exhibit a small bottle of the oil which 
he said cost him $12,000. 

In 1852 Mr. ,\. \. .Maginnis of New Orleans, who was at that 
time a manufacturer of linseed-oil, cnishcd a small amount of cotton¬ 
seed experimentally in his mill, the oil being intended for medicinal 
pur|)oscs and selling at about $i per gallon. 

The extraction of oil from cottonseed in France was advancing 
much more layndly. With the naked Fg)-ptian seed and being 
under no necessity to decorticate it, they successfully expressed 
oil from them, refined it, and used it for edible yjurposcs. 

Mr. Paul Aldige of New Orleans in 1852 visited Marseilles, the 
seat of tile F'rench oil industry, and familiarized himself with the 
processes involved. The next recorded attemjit to extract oil from 
the seed in America was made by Messrs. Bradbury and Nautre in 
1855, closely followed by F. M. Fisk, P. J. Martin, Paul Aldig^, and 


* Statement of Jules Alilig^, June 37, 1882. 
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A. A. Maginnis, all of New Orleans. The Union Oil Company 
had at the same time located its mill at Providence, R. I., receiving 
its supply of seed from the South. So slow was the development 
of the industry that the Encyclopiedia Britannica, 1858, did not 
include cotton among a list of fifty plants yielding oil. In i860 there 
were recorded seven establishments in the United States manufac¬ 
turing cottonseed-oil. 

Prior to i860 the disposal of cottonseed gave the ginner and 
the community great concern. The seed was usually hauled to a 
remote place to rot, or dumped into some convenient stream of 
running water. With the growth of population and increase in 
cotton culture this careless method of disposal often liecame a 
great nuisance. In this connection, the following e.xtract from one 
of the laws of Mississippi is interesting history: 

“Article 18. Every owner or proprietor of any cotton-gin 
erected within half a mile of any city, town, or village is heteby 
required to remove or destroy all cottonseed which may fall from _ 
such gin, so that the same shall not prejudice the health of the 
inhabitants of such city, town, or village, and every' person being 
an owner or proprietor of a cotton-gin situate as aforesaid who shall 
neglect or refuse to remove or destroy the cottonseed in and about 
such gin, having received five days’ notice, shall forfeit and pay 
the sum of $20 for every day he or she shall neglect or refuse to 
remove or destroy the cottonseed as aforesaid, to be recovered by 
warrant in the name of the State before any justice of the |)eate of 
the proper county for the use and benefit of said county. 

“Article 19. No person who shall be the owner or |)roprietor 
of any cotton-gin shall be authorized to throw' or jierniil to be thrown 
the cottonseed from such gin into any river, creek, or other stream 
of water which may be used by the inhabitants for drinking or fish¬ 
ing therein; and any person offending herein shall forfeit and pay 
for every such offence the sum of S200 to be recovered in ^ny court 
of competent jurisdiction, by action of debt or information in the 
name of any person who will sue for the same, one moiety thereof 
to such person and the other moiety to the county in which the offence 
is co.mmitted.” *____ 


♦Revised Code of Mississippi, 1857, page 207. 
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The low commercial rating of cottonseed so vividly indicated 
in this law was current in many localities until the introduction 
of the intensive system of cotton-farming, which is ])ractically coeval 
with the introduction of the cottonseed-oil mill; although, in locali¬ 
ties where the soil reejuired replenishing, a few thrifty farmers early 
began the use of the seed as a fertilizer. It was discovered that 
through the manipulations of the oil-mill all of the value of the seed 
as a fertilizer was retained, and at the same time it was, through 
its by-products, made to contribute marvellously to the. general 
economy of wealth. The resttlt is that from a product that was 
deemed a nuisance in 1857 there was produced in igoo a value of 
$42,411,835, and only 53.1 |ier cent, of the available raw material 
was utilized.* The Civil War suspended till jcractical develop¬ 
ment of the new industrv. 

The economic stupor of the reconstruction period in the South 
is attested by the fact that in i8()7 there were but four cottonseed- 
oil •mills. 

During the war the manufacture of cottonseed-oil was under¬ 
taken in New York,t ttmong the first crushers being the Stonewall 
Oil Company and the Goodkind Brothers. The Glamorgan Com¬ 
pany were receivers and refiners, and used the product largely in 
the manufacture of .s'oa]). 

The early operations of the new industry were carried on with 
the greatest secrecy, as though to guard a valuable mechanical 
secret; but it is now known that no radically new mechanism had 
been invented, as had been the case in separating the lint, for the 
extraction of oil from cottonseed. In the main, the machinery and 
princii)les long utilized in different parts of the world for the extrac¬ 
tion of linseed-oil from llaxseed had merely been adapted to new 
uses. 

To thcxsc mentioned ])reviously ;is engaged in the early develop¬ 
ment of the industry in New Orleans may be added the names of 
Ca[)t. D. C. McCann and W. K. Hamilton, while at Memphis, 
another jioinl at which the industry developed early, the names of 
Wyley B. .Miller, J. W. Cochran, J. C. Johnson, and K. Urcpdiart 


i Oil, Paint and l>ruq Reporter. ^ 
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arc prominent. Among the pioneers at interior points the most 
conspicuous developers of the industrv' were George O. Baker at 
Selma, O. O. Nelson at Montgomer)-, Robert Thompson at Nash¬ 
ville, and James R. Miller at Little Rock and Memphis. 

The number of mills had increased from 4 in 1867 to 26 in 1870. 
The historv- of the industr\- prior to 1870 is one of e.xperiment, 
in which the ajiplicability of machiner)- employed in the production 
of linseed-oil fronr llaxseecl was demonstrated. 

In 1880 there were 45 mills; in 1890 there were 119. 

With the cjuite ra])id growth of the business in the early eighties, 
and the improvements that were introduced in the manufacture 
and refining of the product, came also the necessity for opening 
up new outlets. The introduction of the oil for edible purposes, 
at least at the North, may be credited in no small degree to the 
receivers and brokers here who had the oil to sell tind were com¬ 
pelled to force it into any channel that could be opened. The 
Chickasaw refinery was one of the first to push its oil into con¬ 
sumption in this way, and is closely identified with the progress 
that was made at the time in widening the field for refined cotton¬ 
seed-oil. The names of the houses in New York most jirominently 
identified with the industry from the time its development really 
began, were William J. Bower & Co., both as receivers and 
brokers; J. F..O’Shaughnessy, Simmonds & Gildemcistcr, josiah 
Macy’s Sons, I. & C. Moore & Co., and Thomas G. Hunt & 
Co., though the list of houses interested in the product rapidly 
extended with the growth of the manufacturing industry. 

Until about 1885 to 1890 the largest sale of cottonseed-oil, except 
as a soap-making material, was in competition with edible oils con¬ 
sumed in Italy and France, but since then the manufacture of lard 
compound and oleomargarine has offered an enormous outlet for 
the oil. Its use as a burning oil has never been large, in comparison 
with other outlets, although it early found favor as a miners’ oil, 
and to a considerable c.xtent displacing lard-oil in this channel. 
The jxipular recognition of the merits of cottonseed-oil as a salad- 
oil, and for the other finer purposes for which it was used, was very 
largely due to the labors of the late Lyman Klapp, while John V. 
Lewis was entitled to the chief credit for its introduction in the mines. 
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Among the earliest crushers of the South was Jules Aldig^, who 
began the industry at New Orleans before the war, anti who may 
be credited more than any other individual with the building up of 
the foreign demand for American cottonseed-oil. His brands were, 
for a long time, the most popular in the Continental markets, and 
the quality of his products gave a permanent standing to this oil 
as a substitute for the more costly native edible oils in foreign coun¬ 
tries, where they are largely consumed as food. 

In 1900, according to the XII. Census, there were 357 establish¬ 
ments engaged in e.xtracting crude oil, exclusive of refining ])lants. 
In the report of the quantity of cotton ginned in the United States 
for the crop of 1902 it is stated that “A careful canvass by mail 
of the cottonseed-nil industry reveals the fact that there are in e.xist- 
ence in the United Slates 618 cottonseed-oil mills.” 

During the early years of its manufacture cottonseed-oil was 
almost entirely exported to foreign countries, and export figures 
for .those years represent very nearly the [iroduction of the country. 
As the quantity of cottonseed crushed and the amount of resulting 
products were not reported prior to the census of 1900, it is impos¬ 
sible to trace directly the statistical growth of the industry, except 
in so far as it is indicated by exports in the table on ji.ige 24. 

It is indicated in Table 1 that in 1872 and 1899 cottonseed-oil 
reached its maximum and minimum prices, commanding in the 
former year 53.6 cents and in the latter 23.9 cents per gallon in 
the ports from which it was exported. The low ])riee in 1879 
due to the large quantities of oil obtained from the seed crops of 
1878 and 1879. The increase in the production from 281,054 
gallons in 1876 to 5,352,530 gallons in 1879 was much in excess 
of the supply required for the limilcil field in which it was then 
utilized. About this time, however, it was discovered that cotton¬ 
seed-oil could be advantageously co nbined with beef fat to make 
a substitute for lard. Then followed the further discoveries that 
this oil could be utilized in packing .\merican sardines and, in com¬ 
bination with other substances, in making artificial butter. This 
increased the demand and gave a permanent stimulus to the industiy. 

In Table 2 front the XII. Census are shown by States and 
Territories and for the United States the number of establish- 
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1870. 

1871. 

1872. 

J874. 

1875. 

1876. 

1877. 

1878. 
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1880. 
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t Th<' value of t <4 loiib* ed-oil, at l!ie tin a of ( XJiortal 10 

whence export* d. 

t Quantity not stattd. 


. in tli<' pt^rts (jf the United State'- 


merits, the (iiiantity and cost of cottonseed crushed for oil extrac¬ 
tion, and the <iuantity and \alue of each of the products, together 
with the total value of all prttducts. 

Table 3 shows by States and Territories and for the United 
Statcf; the number of establishments, the average consumption of 
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TABLE 2 .—NUMBER OF ESTABLISHMENTS, l,)UANTn'V, COST, AND 
AVERAGE COST PER TON OF (;OTTONSi;i-,l) CRUSHED; AND 
QUANTITY, VALUE, AND AVERAGE VAEl'E PER UNIT OF 
PRODUCTS MANUFACTURED: I'.tOO. 


Statc.s and Tcrnturics. 

Xiiniberof , 
Est.alilish- 
llKTlts 

']'< His 

Uniteii States. 


2 , 470 , ?,S0 




Arkansas . 

20 

1; ' 

100,01 s 

CiCorKia . 

46 

271. 

Indian 1 erntory. 

6 

20,41 s 

Louisiana . 

2 [ 


Mississippi . 

41 

304 .07H 

Nurtli Carolina... 

20 

107,6(10 

Oklalionia. 

6 


South Carolina . 

4 « 

15O.642 

Tennessee. . . . 

1 5 

168,307 

Texas ... . 

J02 


All other States • . . 


2 I. 73 T 


<.'.Uoiisci.sl 



A\'cr Cost 
per Ton. 

$11 


I I 

I I . 2 Q 
I I (>o 
12.20 
0 M 
I 

10 qS 

I O <)3 
I I 70 





Products. 






Oil. 

1 Cake and Mi al. 

States and 








Terntr>ries. 

Total Value. 


Value. j 

A\er. 






Gallons. 


Value 

Tuns. 

Value. 

: Value 





per 


1 

per 

• 


1 


(jiillon 



1 Ton 





( cuts 




United States. 

$t 2,4 1 1 ,.’^ 35 ' 

<)(,( 2 S,: 2 <> 

1 $21,(90.074 

22 9 

884 .(<>i 

$iO,nio,S 70 

$18 ij 

.\lahama. 

2 , 0 t 2 , 2!;4 

6,70 p<;S 1 

l,S 20 ,.S (4 

7 

Oo, (8(> 


17 82 

.Arkansas .... 

3,1 .SH.Hi 2 

7 . 2 -M.<j 7 I 

1 ,'' 44 . 4 ''S 

1 22 8 

' ('S, 4 S<j| 1,142.102 


(Kor^,Ma. . . 

3,787.100 

IO. 0 O(>.(iD ( 

2,40,S, gSO 

2 ( ( 

91 .0 (7 



Iiulian Territory 

44().078 

y. 1.88s 

207,2S 1 

222 

9.18s 

I 82,.S07 


Louisiana 

4 .'<>7.801 

y,<)02,040 

2.222,70.. 

2 2 <) 

9 1 ,( 4 '^ 


18.78 

Mississippi. . . 

(1.(17 i ,0 11 

1 5 .e ((.s('S 

(,(<'J, 27 S 


1 4 1 .S 2 <J 

2,01 8,405 


North Curuliiia . 

1 ,S8o,o 1 « 

4, (88,277 

97 '>.<' (7 


(0,oS8 

/.-S ,-i- 1 

18 81 

Oklahoma. 

41 o,q6 ( 

9 ( 7.02 1 

1.S0,7(>1 

199 

9 , 4 *Si 



South Carolina. . 1 

(.04 W <;47 

6,H'2,2|8 

1 I,S 4 S. 9 ( 4 : .‘S 1 

S7.980 

l,|Oy,() 45 i 


Tennessee. 

2.7 (7.<J 

6 , 4 ‘; 4 ,i 7 ( 

I , lO (.SS S 

21.1 

SU.Ol ( 



Texas ... 1 

11 .S 1 <>.ns6 

24.3^4.f»>.s 

S,('()0,2() ( 


2S2.9H l 



All other States 

t 78 .(SO 

8.34.040 

1yo.s4S 

22 S 

.S.(.D (i 

_ •s(.o :5 

17 61 


Pn hIik lt> —(. onltnuiJ. 




Hulls. 



Linters 


States and Ternlones. 










Aver.igc 



Average 


Tons. 

\ aluc. 

V.ilue 

Pounds. 

V.,luc. 





per Ton. 



per 






1 1 

Pound. 







Cc-«/ 5 . 

United States 

1.160,280 

$(.i 8 o, 3S4 

$2 73 

S 7 . 272.0s ( 

$I ,.80 1,2(1 

3 I 

Alabama. 

80,1 (>7 

217.92s 

1 2 72 

4,331,016 

1(7. (45 

( 2 

Arkansas . 

00,()8 ( 

248.770 

2 7 .t 

4.O1 3,S19 

IS (.475 

i 3 3 

Georgia. 

1.32.344 

40s.s8i 

( o() 1 

6, (98,830 

i 200,095 


Indian Temtory. 

1.3,074 

( 2,972 

2 s 2 ' 

67 (.07 

j 23,048 

1 3 4 

Ixuisiana. 

II 4 . 44 <' 

287,(iSO 

2 S 1 

6,1 ( 3.6() 1 

j I 72.0s 5 

2 8 

Mississippi.*. 

i 85 .o(>o 

('>(',791 

2 1 4 

0.199.7 (7 

( 29J.SST 

3 a 

North Carolina. 

52.1 30 

14 S.i >28 

2 80 

2.1 49,00^' 

75,47: ■ 

3 5 

(Oklahoma. . 

12.424 

40 8 u 7 

1 29 

S2S,SS0 

1 18,020. 

3 5 

South Carolina......... 

71 .‘142 

217.880 

( 05 

3,223,892 

1 I 0,082 1 

3 4 

Tennessee. .. .......... 

70.8 sS 

106, IDS 

2 46 

4 ,os 8.47 ( 

I (I S8(' 

3 2 

Texas. 

328,110 

07S,489 

2 07 

15.':44. (79| 

1 47 'oS 27 

( 1 

All other States. 

0 . 4(0 

2 (. (60 

2 4$ 

4 1 0.02s ' 

1 I (‘I? 

2 7 


•Includes establishments distnbuted as follows. Flunda, i, Kansas. i, Missouri, a; 


Illinois, I. 
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cottonseed per establishment, the average quantity and value of 
the several products manufactured from i ton of seed, and the per 
cent that each is of the total weight and value. 


TABLE 3 .—NUMBER OF ESTABLISHMENTS, AVEKAOE CONSUMPTION 
OF SEED, AVERAGi: PRODUCTION PER TON OF SEED, AND PER 
CENT. OF EACH PRODUCT TO TOTAL. .\H. CICNSUS. 


States and Tomtuncs. 

1 

Number 

ot 

Average 
Con¬ 
sumption 
of Seed 

jproducts. Average Ouaiitity per Ton of Seed. 


nicuits. 

1 

per 

liStablish- 

nieiil 

Oil. 

Cake and 
Meal. 

1 

j Hulls. 

Lintcrs. 

Waste. 

United Stales. 

357 

Tons. 

<'. 9»5 

(ritllons. 

37 -'J 

Pounds. 

713 

' Pounds. 

1 943 

Pounds. 

Pounds, 

39 

Alabama. 

27 

6.374 

30.0 

702 

934 

25 

48 

Arkansas. 

20 

b.sor 

pS 0 

68y 

! 951 

24 

48 

Georgia. 

46 

s.bOO 

3 b 0 

674 

974 1 

24 

35 

Indian Ternlorv. 

6 


35 3 

695 

990 

2O 

24 

Louisiana. 

' 21 

1 

38.6 

748 

Q12 

24 1 

46 

Mississippi. 

41 


38 r 

717 

938 

23 

•37 

North Carolina. 

20 

5 .. 3 «i 

408 

670 

i)Uj 

20 

36 

Oklahoma. 

6 

4.404 

35 5 

718 

940 

20 

56 

South Carolina. 

48 

3 . 46 ! 

3 b -3 

740 

9T3 

21 

3 * 

Tennessee. 

^5 

1 1,220 

3^^-4 

' 708 

949 

24 

31 

Texas. 1 

102 

6,740 

3 v-’ 

73 ' 

1 947 

22 

3 ^ 

All other States * .,.. 

5 

4.!46 

380 

800 

• 

' H()8 

19 

45 


States and Terntunes. 

Pr- 

idiutis. Average Value per Ton of Sied. 

Total. 

Oil. 

Cake an*] 
Meal 

Hulls 

! Lmters. 

1 

United States. 

$1711 

$8.63 

$6 46 

Si.29 

$0.73 

Alabama. 

17 '5 

8 84 

6.2:; 

1.26 1 

0.80 

Arkansas. 

16.78 

8.6:; 

6 01 

131 

0.81 

Georgia. 

17.61 

(t 08 

6 ^0 

1.49 1 

074 

Indian Ternlorv. 

16.89 

785 

6.92 

J.25 

0.87 

Louisiana. 

^7-52 i 

8 86 

6 S3 

1.14 

0.60 

Mississippi. 

16.90 

8.52 

6.63 

1.01 1 

0.74 

North ('arolina. 

17.46 

9.10 

6 51 

1-35 

0.70 

Oklahoma. 

15-54 

7.07 

6.20 

1-55 

0.70 

South Carolina. 

10 45 

9 87 

7-47 

I -.59 

0.70 

Tennessee. 

16 26 

8 10 

6.21 

1.177 • 

0.78 

Texas. 

r6 6! 

8 22 

1 b 31 

l. 4 f 

0.69 

.-\!l other States. 

1741 1 

8 77 

7-04 : 

1 1 

1.08 

052 


•Includes establishments <listribtiU<l as foil ws Florida, i Kansas, i, Missouri, 2. 
Illinois? 1. 
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T\BLE 3. Continued. 

PpMlucts Pi-r Cent of Each to Total. 

States and Temluncs. 

Oil.* 

United Stales. ... >4 1 

Alaliam.i. M 

Arkan'^.is. U ^ 

(.Jcorgia. 

Indian Tcrnlon. ... UU- 

Ja)uisiana. M ^ 

Mississipjii. ' I > 

North ('tirojina. 

Oklahoma. 1 

South ('arolina. 1-t 7 

Tenne''‘'(<•. Ml 

Texas. M 

All other Stales. 1 1 4 

• Esiim.iUd on the ol 7 s P'*un<Jb per Kallon. 

• 

Table 3 also shows the average f|uantity of products per ton 
of seed for the United States in 1900, as follows: Crude oil, 37.6 gal¬ 
lons ferpiivalent to 282 pounds); cake and meal, 713 pounds, hulls, 
943 i)()unds; linters, 23’pounds; and waste, 39 pounds. 

The technical data elaborated in 'J'alde 3 relative to the yield 
of crude oil tind oil cake, the two most important products, make 
possible an exposition, tilong broad lines, of many phases of the 
growth and present magnitude of the cottonseed-oil industr)-. 

Unginned cotton consists of two ])tirls !)y weight of seed and 
one part by weight of lint; thus seed or unginned cotton, “thirds 
itself” at the gin. Therefore from the total yield of cotton for any 
given year a fairly accurate estimate can be made of the total crop 
of cottonseed by multiplying the total \ield of lint cotton by two. 
The quantity of cottonseed raised liaving thus been ascertained, it 
is equally, well known that under average conditions, as confirmed 
by Table *3, the yield of the two important products will be 
oil, about 40 gallons (300 lbs.), and oil-cake, about 700 pounds, 
from each ton of seed. Thus knowing what proportion of the 
totid cottonseed crop is actually manufactured each year in a gen- 


C.ikc 

and 

Mful. 

Weight. 

1 

HnlU. I 

Linters 

Wtislo. 

Oil. 

Value. 

Cake 

and Hulls. 

Meal. 

Linters. 


’l 

17.2 : 

1.2 

2 2 

S0.4 

370 1 

7 s 

1 ^ 

35 -^ 

46.6 1 

I ^ 

2.4 

51-5 

3<' t 

7 4 

4 7 

34 \ 

47 7 1 

T 2 

2.4 

51.6 

35 8 

7 8 

•I 7 

.kU7 

43.7 , 

r 2 


51.6 

35.8 

8.4- 

4 i 


to-5 

1 

1.2 

46.4 

41.0 

7 I 

5-^ 

t 

45 

I 2 

2.3 

50 5 

: 30-1 

, 6.6 

38 

35 

|() 0 

i 2 

I.o 

50.4 

30-3 

5 0 

4.4 

33 

4-'^ ^ 

7 0 

I 8 

S2.0 

36.2 

7.S 

4.0 


17 ^ 

1 0 

2.8 

45 5 

40.0 

10.0 

4-5 

37 0 

4^ 7 

1 I 

1 6 

50-7 

38.4 1 

7.2 

3-7 

3^ 1 

1 47-5 

1 2 

1.6 

4Q.Q 

38.2 ■ 

7.2 

4 7 

3f. (> 

17 1 

I 1 

I 8 

4d.5 

38.0 

8.4 

4 I 

40 0 

i 1W 

1 0 


50-3 

40-5 

6.2 

0 
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TABLE 4 .—COMPARATIVE SUMM.ARY OF THE QUANTITY AND VALUE 
OF THE COTTON AND COTTONSEED PRODUCED IN 1 S 99 , AND 
RELATIVE VALUE TO TOTAL CROP OF MANUFACTURED AND 
UNMANUFACTURED SEED. 





Seed Produced 


States and Territories. 

Value of Lint 
Colton. 

(juantitv. 

Viihie 

Potential 
V.ilui' if 
( rushed 
for Oil. 

United Slates. 

*$^1^38,816,021 

Tons. 
4,668,146 

®54>345’^77 

*80,371,375 

Alabama. 

38,826,604 

539,260 

6,525,520 

9,248,309 

Arkansas. 

211,401,00:1 

8 y 2,702 

4,170,001 

5,910.850 

Georgia. 

4f,<)=;S,o82 

615,530 

7,34<),428 

10,839,483 

Indian Territory. 

5,169,876 

71,804 

809,1)49 

1,21 2,770 

Louisiana. 

2«:,212,680 

350,176 

3,653,187 

6,131,084 

Mississippi. 

44,556,009 

618,811 

7,184.651 

10,458,278 

North Carolina. 

15,854,580 

220,200 

2,600,170 

3,844.6x12 

Oklahoma. 

2,591.384 

3^.691 

337.236 

558,580 

South Carolina. 

30,341.895 

418,553 

(1,841,000 

8,152,485 

Tennessee. 

7.619,073 

10:^,820 

I, i6r,<)04 

1,7-'0,655 

Texas. 

93,024,652 

1,104.100 

14,193.058 

21,695,985 

All other Slates f. 

3 ,, 58 i ,205 

34.878 

408,073 

(>07,226 




Scirl Crushed 


Value of C' 

tton Crop 

States and 
Temtones. 

(juantitv. 

Cost tn the 
Mills. 

Value..f 
Cru.le 
Products 

V'alue of I.mt 
Cotton and 
Seed. 

Potential 
V.ilue if all 
Seed were 
Crubhed. 

United States... 

Tons. 

2,479,386 

$28,632,616 

$42,444,855 

$303,182,598 1S419,208,296 

Alabama. 

•72.093 

2,oi(),o85 

2,952,254 

45,152,214 

48,075.003 

Arkansas. 

190,015 

2,245,710 

3,188,812 

29,571,006 

31,320,85s 

Georgia. 

271.833 

3,246,844 

4,787,100 

5.3,307,510 

56,797.565 

Indian Territory.. 

26,41s 

297,9.39 

446,078 

5,979,825 

6,382,646 

Ixiuisiana. 

250,985 

2,833,767 

4.397,891 

29,166,173 

3",347,770 

Mississippi.. 

394,678 

4 u‘ 577 . 99 '; 

6,671,031 

51,740,660 

35,014,287 

North Carolina... 

107,660 

I, ir 1,661 

1,880,015 

48,465,750 

19,699,072 

Oklahoma. 

26,425 

247,520 

410,063 

2,928,620 

3.149,964 

South Carolina. .. 

456,642 

2,186,408 

5,045,547 

36,184,895 

38,474,380 

Tennessee. 

468,507 

1,848,820 

2,737,038 

8,780,977 

9.339,706 

Texas . 

6 q2,^4 

7,160,661 

11,5 ii), 656 

108, ii7,6f)0 

'115,618,617 

All other States, . . 

2 4.731 

2 ^A, 22 ^ 

378,350 

,3,789,27H 

3,988,434 


• Di'K'S not ini hide* tho value of the lottoii product of Kentuc ky and Virj^inia, 

there beintt no oil-mills reported fr'iiii those States 


t Includes the stattslies njiortcd by establishments distributed as follows. Florida, 1} 
Kans^, 1 Missouri, 3, Illinois, 1. 
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TABLE 4 — Continued. 


States arivl Tcmlurics. 

Per Cent. 

Value of Seed 
ProJtu f(l to 
Value of 
Cotton Crop. 

Potential 
' Value ot Seed 
i It Ciushed to 
V'alne 1 )t 
CdIImII Crnp. 

Quantitv nf 

Si ed Cruslii d ! 
til (Jiiaiunv 
rnnhliiil. ' 

Inereabe in 
Value of 

Si 1 <1 l>y 
Maiiutdi, lure. 

Unilfd Slates. 

i.is 

20 4 


•l.S I 

Ala))ama. 

140 

20 S 

.^ 1-9 

46 2 

Arkansas. 

MI 

20 0 

5 d 9 

42.0 

tL'iirni.i . 

uS 

20 

44 2 

47-4 

Indian Tcrnlorv. 

5 

20 7 , 

36.S 

49-7 

IxuiiMana. 

1 i 6 

2 I 0 

717 

55-2 

MlSvlvslppI . 

I t u 

20 2 

64.8 

4 S -7 

North ( 'arolina. 

U t 

1 20 H 

48.9 

4 . 3-1 

Oklahoma . 

Ho 

i 19 -1 

73 4 

65-7 

South Carolina. ' 

16.1 

1 

22.c; 

.37 4 

39-2 

Tonnc'^scc. 

n.2 

19 6 

139 I 

48.0 

Texas. 

I.hr 

20 I ' 

530 

5 - 4 

All oil^T Stales. 


16.0 

62,3 

48.8 


oral way, the quantities of the products manufactured therefrom 
can be determined. The census in\estigations disclosed the fact 
(Table 4) that 53.1 per cent of the cottonseed crop of 1899-1900 was 
utilized in manufacture* the average yield of oil per ton of seed 
manufactured for the entire country during that year was 37.6 gal¬ 
lons; the yield of oil-cake, 713 pounds ])cr ton. These figures 
indicate that the commonly accepted commercial estimates upon 
this industry for previous years were fairly close appro.ximations. 
Table 5 following, therefore, gives the total cottonseed crop, the 
percentage of the crop utilized in manufacture, the quantity of seed 
actually manufactured, the gallons of oil and tons of oil-cake pro¬ 
duced, the exports of oil, of oil-cake and meal, and the quantities 
of oil retained for home consumiJtion from 1872, when exports of 
cottonseed-oil were first given separately in export statements, up 
to 1903 inclusive. 
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TABLE 5.—STATISTICS OF THE COTTONSEED INDUSTRY OF THE 
UNITED STATES. 


Year 

Ended 

June 

30— 

Cotton¬ 

seed 

Crop. 

Percent¬ 
age of 
Crop 

1 Manu¬ 
factured 

Seed 

Manu¬ 

factured. 

Oil 

Produced. 

i 

Oil-cake 

Pro¬ 

duced.* 

Oil ; 

Exported. 1 

Uil ketained 
lor Home 
Consuiiip- 
tion. 


Tons. 

Per Cent. 

Tons. 

Gallons. 

Ions. 

Gallons. 

Gallons. 

1872 

1,317.637 

4 

52,705 

2,108,000 

18,400 

547.165 

1,560,835 

1873 

1,745,14.S 

3 

52,354 

2,o(;4,ooo 

18,300 

709,576 

i,,384>424 

1874 

i,85I,6!;2 

4 

74,066 

2,963,000 

25,900 

782,067 1 

2,180,933 

187-; 

l,686,si6 

5 

84,325 

3,37.3,000 

29,500 

417,387' 

2,95.5,613 

1876 

2,056,746 

6 

12,3,404 

4,936,000 

45,200 

281,054 

4,654,946 

1877 

1,968,590 

' 5 

98,420 

3,937,000 

34,400 

1,705,422 

2,231,578 

1878 

2,148,239 

7 

150,376 

6,013.000 

32,600 

4.992.316 

1,022,656 

1879 

' 2,268,147 

8 

181,451 

7,238,000 

63,500 

5,352,5.50 

1,905,470 

1880 

2,61 5;,60S 

9 

23=1.404 

9,416,000 

82,400 

6,997,799 

2,418,204 

1881 

3,038,6k)5 

6 

182,321 

7,293,000 

63,800 

3,444,084 

3,848,916 

1882 

2,455,221 

12 

294,626 

11,785,000 

103,100 

713,.549 

ii,07i,4S« 

1883 

3.266, ^S; 

12 

3<)I,(>06 

15,679,000 

157,200 

415,611 

15,263,389 

1884 

2,639,498 

15 

3d:;,Q24 

15,837,000 

138,500 

3,605,946 

12,231,054 

188s 

2,624,835 

19 

498,718 

19,949,000 

i74.5<^ 

6,364.279 

13,584,721 

1886 

3,044,544 

19 

578,463 

25,138,000 

; 202,400 

6,240,139 

16,897,861 

1887 

3,018,360 

23 

6<M,222 

27,761;,000 

1 245,000 

4,067.^3^ 

23,701,862 

1888 

3,290,871 

23 

822,717 

32,909,000 ! 

287,900 

4,458,597 

28,'450,403 

1889 

3,3°9>.564 

24 

794,295 

51,772,000 

278,000 

2,690,700 

2(),081,300 

1890 

3,494,811 

25 

873,702 

34,948,000 

503,800 

i3..384,38.5 

21.563,615 

1891 

4,092,678 

25 

1,02 3,169 

40,927,000 

358,100 

11,003,160 

29.923,840 

1892 

4,27,3.734 

25 

T,068,433 

42,737,000 

374,000 

13,8.59,278 

28,877,722 

189.3 

3,182,673 

33 

1,030,282 

42,01 1,000 

567,600 

9,462,074 

32,548.926 

i8i;4 

3,578.613 

40 

1,431,445 

(t7,238,000 

301,000 

i 4,958,,309 

42,299,691 

189.3 

4,792,205 

35 

1,677,271 

67,0^)0,840 

587,044 

21,187,728 

43,W,ii2 

1898 

3,415.842 

42 

1,434,65.3 

57,586,120 

302,128 

19.445.^4^ 

37,940,272 

1897 

4,070,100 

40 

1,628,040 

63,122,000 

36(),8oo 

27,198,882 

37,923,118 

1898 

5,252.767 

40 

2,101,106 

84,044,000 

735,300 

40,230,784 

43,813,216 

18^ 

5,471,521 

43 

2,332,754 

94, no,000 

823,400 

50,627,219 

43,482,781 

1900 

4,668,346 

53 

2,479..386 

93.325,729 

884,391 

46,902,390 

46,42.3,3,59 

1901 

4,830,280 

50 

2,41s.140 

96,603,600 

845,299 

49,356.741 

47,248,859 

1902 

4,983,239 

60 

2,973.000 

119,000,000 

1,041,250 

’ 23,042,848 

85,957’'.52 

190.3 

5,208,000 

60 

3,277,233 

131,089,320 

1,146,532 

35,642,994 

! 

95,447,326 


• Expc.rts of oil-cake since iKd*; have been as follows (m tons of 2000 pounds)- 1895, 
*44,858 tons. 1896, 202,468 tons; 1897, 311,693 tons, 1898, 459,803 tons, 1899, 539,996 tons 
Jpooi S7*.85a tooa; 1901, 629,343 tons; 1902, 525,233 tons. 1903, 550.>96 tons. 



CHAPTER HT. 

SUMMARY OF FROCUDURIC OF UTILIZATION' OF COTTONSEED. 


Rca'ivinf,' and Storing Sccil (leaning' Send. Reginning Seed. Hulling 
Seed Separating Meats and Hulls Crushing .Mcab Cooking Meats. 
Cake-forming. Oil-cxjm'ssion. Treatment of Crude Oil Treatment 
of Cake, ^’iel(l of Products |)er Ton Seed. Economic Considerations. 
Recent Statistics. 

Rv reference to Fig. 11, in which is shown a ditigram of a cnide- 
oil mill, the course of treittmcnt to which cottonseed is .subjected 
may be readily traced. The distribtition of power from the main 
.shaft *to the vtirious mathincs by belting is clettrly indicated. In 
Tig. 13 tire shown the relative locations of the receicing and storage 
i.ouse for lint cotton, the ginnery, seed storage house, ttnd oil-mill. 
The latter plan shows the e(|uipnicnt required for the combined enter¬ 
prises of cotton-ginning and oil-expression for a daily ginnery (apac- 
ily of 35 to 40 bales widi a corres|>onding daily yield of seed of from 
15 lo 20 tons. By this plan the seed as they fall from the gins 
are ])assed directly to the seed house. The location of the steam- 
])lanl for both ginnery and oil-mill at the latter ])lacc removes a 
potent soui'ce of danger from ihe ginnery. The power required for 
a ginnerv of the capacity stated is from 30 to 60 horse-power; 
for the oil-mill from 50 to 60 horse-power. An c/il-mill with a 
daily capacity of 13 to 20 tons of seed will consume 2000 to 2500 
tons of seed ])er season of 5 lo 6 months’ duration. Receiving lint 
cotton and separating the seed by ginning have already been de¬ 
scribed. We may pass directly to the seed. 

Receiving and Storing Seed.—The capacity of an oil mill is 
ex])rcsscd bl- the number of tons of seed that can be worked up per 
day of twenty-four hours. As this varies from 15 to 200 tons and 
sometimes more, ample storage capacity for receiving and storing 

3‘ • 














PROCEDURE OF UTILIZATION OF COTTON SEED. 


33 


the green seed is necessary, h?, the seed deteriorates rapidly in 
storage its prompt utilization is likewise necessary. The seed may 
be received from the ginnery by conveyor, if ginning be an asso¬ 
ciated cnlerjjrise, by wagons from neighboring ginneries, or in 
bags, or loose in box-cars by rail, or in bags by steamboats. The 
dimcn'.ions of the seed-house of a mill capable of handling 15 to 
20 tons of seed per day are shown in l'’ig. 1^5. 

Cleaning Seed.—The seed aiv mixed with varying amounts of 
foreign matter which it i-- necessary to remove. This consist. 



chiefly of sand and dirt, Ijolls and kxks of cotton, sticks and pieces 
of branches, pebbles, pieces of iron, etc. 'I'his sei)arali()n is elTccled 
by means of inclined reels, or revolving screens of hea\y wire net¬ 
ting, or pertbrated sheet metal, a sand and l)oll screen being shown in 
Fig. 18. Tfic seed are elevated by l)ucket-elevator and fed into 
the higher end of the reel; as they are moved toward the lower end 
there is a selective se[)aralion of foreign matter and seed according 
to respective size by means of diflerenl-sized openings in the net 
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or metal. Pieces of iron may be se])araled by means of magnets 
located in any egnvenient place in the ])alh of the seed. 

Reginning Seed. —In ginning cotton the removal of the staple 
from the seed is not complete, and a second ginning to remove the 
greater part of the remaining short fibre or lint is necessary. This 
i; effected by means of delintcrs, a type of which is shown in Fig. 19. 
The seed is fed into the delinter and is discharged in a much cleaner 
state; the delint is condensed in the “condenser” into a broad 
band which is comprc.sscd into bales in the same manner as lint 
cotton. 

Hulling Seed.— In the .American practice of oil-milling the seed 
is decorticated or hulled. This is made necessary by the presence 
of much adhering fibre, which is absent in the sea-island and Egyptian 
seed, and which if allowed to remain deteriorates the oil and cake. 
The pericarp or hull is removed by means of a hullcr, forms of 
which are shown in Figs. 20 and 21. The mass discharged from 
the huller is a mixture of meats, or kernels, hulls and meals with 
more or less of the hull still adhering. 

Separating Meats and Hulls.— The mixture of meats and hulls 
is subjected to selective separation in the same manner as uncleaned 
leed and by means of a mechanism of similar construction. A 
meat and hull separator is shown in h'ig. 22. The separation i- l;y 
no means complete. The revobing screen discharges the greater 
])ortion of the hulls at one end and allows the meats to escape through 
the perforations. Subsc(|uent separation of much of the remain¬ 
ing hulls is effected by means of a shaker, where advantage is taken 
of the property of hulls with adhering lint to felt together. Hulls 
may accomjiany the meats, but meats .should not be allowed to go 
with the hulls. The hulls, formerly used for fuel at the mill, are 
now highly jjri/.ed as feeding stuff and fertili/.er. They are conveyed 
to the hull-house, where they are jiacked compactly in bags and 
bales of uniform weight. 

Crushing Meats. From the shaker the meats are conveyed 
to the feed-box surmounting the crusher-rolls. Crushers of differ-, 
ent tyjies and ca|jacities are shown in Figs. 23 to 28 inclusice. 
'J’he puqxtse of crushing is to reduce the meats to a uniform c on- 
bistency, vvhereby the structure of the kernel is broken down and 
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the oil tclls ruptured, thus permitting the equal exposure of all 
j)arts to heat in the cooking process. 

Cooking Meats.—Hereinbefore, in the treatment of seed, the oper¬ 
ation has been entirely mechanical, but with cooking there is the 
intervention of human agenev. The success of the cooking process 
is determined by the judgment and skill of the cook. The cooking 
is done in shallow, cylindrical, steam-jacketed and covered vessels 
of cast or sheet iron, called heaters, which vary in number and 
capaeit)' according to the number of hydraitlic jmesses, both' pieces 
of ap[)aratus determining the daily capacity and eflkiency of o])er- 
ation of the mills. Heaters of different ty[)C‘s and capacities are 
shown in Figs. 30, 31, and 32. They arc usually operated in ])airs, or 
in scries of three or more, according to the capacity and seed supply 
of the mills, and in such a manner that a continuous supply of cooked 
meats is available for treatment in the following stage. The pro¬ 
cedure followed in cooking is determined ver}' largely by the quality 
of the seed. 'I'he purjjose of cooking is to expel the excess of mois¬ 
ture by evaporation, the j)resen(e of which is destructive of press- 
cloth, to heat the oil to facilitate its ma.ximum separation, and to 
coagulate the albuminous matter of the seed w'hereby its solubility 
in the oil is reduced. 

Cake-forming. —The cooked meats are transferred directly to 
the cake-former (Fig. 33), where they are subjected to ])ressure, just 
less than is necessary to express oil and formed into cakes approxi¬ 
mating the dimensions they are de.stincd to a.ssume. These are 
wrapjted in camers-hair cloths and inserted at once into the empty 
compartments or bo.xes of the hydraulic press. 

Oil-expression.- -Crude oil is obtained by subjecting the cotton¬ 
seed, cleaned, hulled, cnished, cooked, and formed into cakes as 
described, to great [rressure by means of a hydraulic press, a type 
of which is shown in Figs. 35 and 36. The eflicient operation of 
the press and the character of the residue remaining after the sepa¬ 
ration of the oil, depend upon the ctire and skill with which the seed 
is treated in’preceding steps and upon the judgment and experience 
of the ])ress attendant. The products are crude oil and pre.ss-cake. 

Treatment of Crude Oil.—The entde oil as it Hows from the 
press falls by gravity into a tank beneath. It is dark red to black 
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in color, due to the dissolved coloring-matter of the seed, and is 
contaminated with albuminous matter and meal in solution and 
suspension. It may be transferred to .storage-tanks to clarify by 
sedimentation, or filtered (Fig. 48) at once for the same purpose. 
The (piality of the oil depends upon the quality of the seed. It is 
subjected to treatment with caustic .soda to remove free fatty acids, 
albuminous matter, and the greater portion of the coloring-matter. 
The yellow oil thus obtained is clarified by treatment with fullers’ 
earth and yields the edilde jiroducts. The deposit obtained on 
settling after treatment with alkali forms the material for the pro¬ 
duct known as cottonsce.l-oil .soup-stock. 

Treatment of Cake.— On release of pressure from the hydraulic 
press, the cakes, while yet hot, are removed and the cloth stripped 
from them. The cakes are as firm as a board. Trimming the 
soft ends is effected automatically (Fig. 54). . 4 fter cooling, they 
may be packed in bags of uniform weight and marketed directly, or 
they may be reduced to meal by grinding, in which state they form 
a valuable commodity used as cattle-food and fertilizer. An attri¬ 
tion m.ill for reducing cake to m.cal is shown in Fig. 57. 

Yields of Products per Ton of Seed. —By reference to Table 2 
the average \ield of jiroducts jier ton of syed, ,as rc'iiorted by 357 
establishments engaged solely in the manufacture of crude oil, is 
as follows; 


Crude oil, 37.6 gallons ef|uivaleni to 

Cake and meal. 

Hulls. 

Linters. 


Waste, 


282 |K)unds 
7',I “ 

04,1 “ 


2,1 

,39 




Total 


2000 


As the^e figures represent ;i broad, general average, it is clear 
that different seed in the same season, as well as in different reasons, 
yield varying (|uantities of i)roducts. The better mills from good 
Seed will e.xtract 40 gallons of oil instead of 37.6 gallons, in whieh 
case the pro])ortion of the other iirodurts, ))articularly meal, would 
be reduced, (iood, dean, dry seed will yield a greater proportion 
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of hulls than immature and “sai)i)y” seed; also the proportion 
of waste would be reduced. 

Knowing the prevailing market value of raw seed, together with 
the factory costs of working up seed per ton (which v.'iries from 
$3.50 to S4.50), and the prices of the ])ro(kKls obtained therefrom, 
the margin of jirolit may be readily ealculaU'd. The diagram in 
Fig. 14 shows the carious products obtainalile from cottonseed and 
their consecutive position in the jirocedure of manufaiHire. 

Economic Considerations.- Those establishments engaged exclu- 
sivelv in the manufacture of cTiide oil are under more economic 
disadvantages with respect to Ihutuations in the price of the raw 
material than are those who extend the procedure of manufacture 
to the |)reparation of edible and manufactured products. It is a 
fact of common observation that, under the stress of supply and 
demand, the prices of linished jiroducts are more slow to react 
than the |)rices of raw materials. .An tidvanc'e in the ]>rice of a 
raw hiaterial is not, as a rule, followed at once by a corresponding 
• advance in the i>rice of the linished jiroduct. It is likewise true 
in the utilization of natural resources that as the cpiality of a com¬ 
modity is increased the labor cost becomes a correspondingly 
smaller proportion of the total cecst. Applying these a.xioms to 
the cottonseed-oil industry, it is clear that the increment of value 
in manufacturing crude oil is inihtenced to a greater degree than 
it is in manufacturing refined oil, by fluctuations in the iiricc of 
seed. 

The tendency of all manufacture, jiarticularly that having to 
do with Jiroducts close to the soil, is to gravitate, within certain 
limitations jicculiar to each industry, to the source of sujijily of 
raw material. This jirincijile we find expressed in the cottonseed- 
oil industry in the multijilication of crude oil-mills in close prox¬ 
imity to cotton-growing, hence seed-jiroducing, sections. 

In ojijiosition to this economic tendency is that of combination 
of jirodiKtive effort. The outcome of these opjjosing tendencies 
is indicated by the control of crude oil jilants, located at the sources 
of seed supjily, by organizations ojierating refineries at centrally 
located points. The increasing, general ajipreciation of the high 
value of cottonseed-oil for edible jnirjioses, and of its jiroducts as 
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cheap and elTicient feed for beef and dairr^ cattle, [)romises a most 
cncouraf’ing future for the cottonseed-oil industrc’. 

Recent Statistics.---The Twelfth Census, reportin'' tlie industry 
for the year ending June 30, rpoo, found 357 cottonseed-oil mills 
in operation during the census year, reporting a crush of 53.1 per 
cent of the seed produced in 1899. The ]iroducts obtained were 
valued at .$42,411,835. This is a noteworthy growth in the last 
three years, an increase of .}8.6 per cent, in the number of estab¬ 
lishments and of 42.2 percent, in the qitantityof seed trtished. The 
crush for the season of 1902-1903 may be distributed by Slates and 


territories as follows; 

Tons. 

.-Mabama. 192,438 

Arktinsas. 310,781 

Florida. 18,601 

Georgia. 480,557 

Indian Territory. 74,962 

Louisiana. 324,229 

Mississi[)pi. 400,670 

Missouri. 3b303 

North Carolimi. 222,074 

Oklahoma.... .•. 64,087 

South Carolina. 280,146 

Tennessee. 234,682 

Texas. 872,985 

All other Stales. 17,265 


Total. 3.524,780 


Before the general introduction of the cottonseed-oil mill a fair 
valuation phiccd upon cottonseed was $6 per ton. The average 
price paid the producer for seed this .season is $15.75 * Ion. 
increase of 163 per cent, in, say, lifteen years. The seed sold from 
the epp'of 1902 increased the value of the cotton crop to the farmers 
by $55,515,285. If the entire seed crop had been thus disposed of, 
the value would have amounted to $80,209,194.05. 


* Censu.'i Bull., No 2 , 1903 . 
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The (juantities and values of cotlonsced products obtained per 
ton of seed from the growth of 1902 may be distributed as follows; 


39 gallons of crude oil, at 30.5 cents per gallon. $11.89 

730 pounds of meal, at I20 i)er ton.•. 7.30 

913 pounds of hulls, at $3.50 per ton. 1.60 

27 pounds of linters, at 3.0 cents per pound. .81 

Total value of prducts per ton of seed. $21.60 

Le.ss cost of manufacturing per ton. 4.00 

Not proceeds of ton cottonseed. $17.60 


These values would be materially increased by including the 
value of the meal after it has been converted into fertilizers and the 
oil after it has been carried through the various channels of relinc- 
ment. Excluding refineries and fertilizer mills, the total value of 
cottonseed products this season is $76,233,230, an increase in the 
value of the seed of $20,717,945, or 37.3 per cent. 










CHAPTER IV. 

CO'I'TO N SKKT). 

Proximate Composition ChanotcT of tlic Seed and its Tiifiticncc upon tlie 
Yield and Quality of Oil Classifuation Storafte llandlinn Seed 
Cleaning Reginning IluH ng Separating Meats and Hulls Crush¬ 
ing 

Proximate Composition.—'I’he produrts of ginning, ]ircviously 
described, are lint cotton and cottonseed. For the former jiroduct, 
ginning is the first stcji in the mechanical utilization of the fibre 
in thc^ tc.vtilc industry; for the hitter jirodurt, it i-- the first sie[) in 
the utilization of the seed for oil and the associtited products, linters, 
hulls, and meal. Seed as received from the gin is covered with a 
fuzz, or tuft of short hairs, which is the remnants of the fibre not 
completely removed by the first ginning. Sea island and Egv])tian 
seed differ from upland cottonseed in the absence of lint, which 
lint after reginning amounts to about lo per cent, of the total weight 
of the seed. Ginned seed is com])osed of about ecjual jiarts of 
kernel and hull. The kernels yield about 25 ]X'r cent, of oil and 
75 per cent, of meal. The hulls arc composed of 2.2 per cent, of 
linters and Q7.8 per cent, of hulls. The proportions of the com¬ 
mercial ingredients of seed from the gin are as follows;* Yleal, 
37.5 per cent.; oil, 12.5 per cent.; hulls, 48.1) per cent.; linters, 
1.1 per cent. These figures indicate the jiroccdure of (’ivision 
at the time the data were obtained, but arc not absolute, as there 
must be, from the character of the product, more or less variation. 
Rv averaging analv.ses from various sources the following results f 
were obtained, which rejiresent very nearly the actual weights 
of different ])arts of the seed: 


* Tcnlh Census. 


t Bull. 33 , U. S. Dvpt. of .\gr. 
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Kernels, 54.22 per cent., yielding: Per Cent. 

Oil. 36.88 

Meal. 63.12 

100.00 

Hulls, 45.78 per cent., yielding: 

Linters... 27.95 

Hulls. 72.05 

100.00 

In the whole seed: 

Meal. 34.22 

Oil. 20.00 

Hulls. 35.78 

Linters. 10.00 


100.00 

Whole cottonseed has been used in the past to some e.xfcnt as a 
feeding-stuff, but its use for this puqiose has now been practically 
abandoned in the vicinity of oil-mills, because of the facts that (i) 
the lint on the seed and the dust it collects are likely to be injurious; 
(2) it is not easy to mix the seed thoroughly with other coarse feeds; 
and (3) the seed is disposed of to better advantage at the oil-mills. 
Its food value is shown by the following summary,* compiled from 
25 analyses: 

TABLE 0.—FOOD CONSTITUENTS OF COTTONSEED. 


Fresh, ur Air-dry, Malenal. 



] 

Water. 

Ash 

1 

1 

Protein. ' 

j 

Fibre. 

Nitrrigon- 
free ' 

lixtracl. 

Fat. 


Per Cent. 

1 PtT Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Minimum. 

8.00 

2.8c; 

13.62 ' 

17.60 ' 

7-5*< 

10.40 

Maximum. 

17-SI 

8.00 

20.70 ' 

32.40 ' 

,16.70 

23.»4 

2<)-34 

Average. 

«.d2 

4.74 

i 

22..77 

19.45 


The digestible food ingredients in 100 pounds of cottonseed, 
as determined in a number of digestion experiments, are as follows: 


Bull. 36, U. S. Dept, of Agr. 
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Dry matter, 89.7 pounds, of which the protein is 11.08 pounds; 
carbohydrates, 33.13 pounds, and fat, 18.44 l>ounds. 

Protein is a term used to include nominally the total nitroge¬ 
nous substance, which consists of a great \ariety of cheniiial com- 
]>ounds which are conveniently divided into two classe-., viz., pro- 
teids and non-])roteids. Actually the term i-. used to designate 
the product of the total nitrogen, ascertained by suitable analysis, 
by an cm|)irical factor, 6..'5. .\s the proteids contain about 16 

per cent, of nitrogen, this factor is generally accepted for .bodies 
of this class. 

Fibre is a term ap|)lied to sub.stances allied to carbohydrates, 
but insoluble in dilute acids and alkalis. They constitute the 
frame-work of plants and tire, as a rule, the most indigestible con¬ 
stituent of feeding-stuffs. 

Nitrogen-free Extract includes all carbohydrates, as starch, 
.sugar, gums, etc., which constitute the most important part of all 
feediifg-shulTs. In analysis it is determined by dilTercnce. 

■ The term “fat” is applied to substances of mi.xed character 
forming the ether extract, and may include besides real fats other 
bodies, as waxes, coloring-matter, lecithins (nitrogenous fats), etc. 

Formerly, whole cottonseed was extensively used as a fertilizer 
in the South, care being taken to kill the seeds by causing them to 
ferment either in compost heaps or simply in large piles kept wet; 
but this practice has been largely abandoned, the seeds being dis¬ 
posed of at the oil-mills either for cash or in exchange for meal at 
the rate of i ton of seed for 800 pounds of meal. The following 
summary, prepared from the results of 15 analyses, will serve to 
indicate the fertilizing value of cottonseed;* 


TABLE 7.—FERTILIZING CONSTITUENTS OF COTTONSEED. 



Water. 


Nitrogen. 

I’hosphoru. 

And. 

1 Pota-sli. 


I\r Cent . 

Per Cetit . 

Per Cent . 

Per Cent . 

Per Cent . 

Minimum.. 

7.04 

2.80 

1.96 

0.76 

0 . 7.1 

Maximum. 

‘)- 5 > 

4 . i )(> 


} ll 


Average. 

8.42 

3.78 

S .13 

1.27 

1 1 

1.17 


Bull. 36, U. S. Dc])!. of Agr. 
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Character of the Seed and Its Influence upon the Yield and 
Quality of Oil. —The cotton-plant rc([uires from five and onc-half 
to six and onc-half months for maturity, and under the various con¬ 
ditions affecting the growth, uniform (juality of seed is hardly to 
be expected. The quality of the seed, aside from vaiying degrees 
of maturity at the time of ])icking, viz., unripe, half-ripe, and ripe, 
is a resultant of conditions prevailing during the growth of the plant 
and of the time and nature of storage before the seed is treated for 
oil. Quality of the seed is the most important consideration of 
the cottonseed-oil miller, for the (juality of the raw material deter¬ 
mines not only the quality of the oil expressed from it and the j)cr- 
ccntage-yield of oil as well, but it affects also the (juality and yield 
of the pnxlucts obtained from the crude oil. Inferior seed invari¬ 
ably jjroduces inferior crude oil. The working up of inferior seed 
in vart’ing projjortions with good seed and dcjjcnding uj3on skill of 
manij)ulation in subsc(jucnt processes to correct its deteriorating 
influence, is largely practised, but involves great danger to the 
quality of the resulting jrroduets. It is the concensus of best ojfinion 
that all seed should be graded and each grade milled sej)arately. 
While there may be a commercial bias to this opinion its inlluence 
on the manufacturing side should not be lost. 

The jtrescnce of moisture in cottonseed is determined by soil and 
climatic conditions and by the degree of maturity. Seed obtained 
from the first pickings of cotton contain a greater projwrtion of 
moisture than do seed from cotton j)ickc(l later in the season. Seed 
grown in middle and lower Texas, owing to the dryer climate, con¬ 
tain very little natural moisture. This is also true to a degree of 
Mexican and South American seed. Seed from cotton-growing 
sections east of the Mississijijii, particularly that grown in north¬ 
ern portions of the cotton belt and on river-bottoms, contain more 
natural moisture. The character of the seed with resj)cct to mois¬ 
ture is a most important factor in its manij)ulation, as will be dwelt 
upon. 

Classification. —Seed may be classified according to their degree 
of maturity as unripe, half-rij)e, and rijre, and according to their 
degree of inferiority as wet, musty, or rotten. As seed arc com¬ 
pos’d of unstable organic compounds, their deterioration, esjre- 
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dally when in bulk, under the combined influence of heat, moisture, 
and air, is vcr).’ rapid. According to rules governing transactions 
in cottonseed products, cottonseed are divided into two general 
dasses: i)rime seed and olT seed. Prime seed shall be clean, dry, 
sound seed, free from dirt, trash, and bolls. Seed not coming 
up to the rccjuirenients of prime seed shall be considered olT seed. 
Off or damaged seed shall be settled for on their merits and com¬ 
parative vidue as against the value of standard prime seed. 

Storage.—The influence of the character of the seed upon the 
quidity of the oil renders imperative the greatest care in their selec¬ 
tion and storage. Seed that has undergone any amount of heating 
will not produce prime crude oil. For this reason as much of the 
seed as is practicable should be stored in bags to gi\e ventilation. 
The bags lommonly in use are coarse “Dundee” and “Burla]),” 
and hold from loo to 150 pounds. When stored in bulk cotton¬ 
seed o(( U|)y about 80 cubic feet per ton, allhougli they can be loosely 
stored tf) occupy Qo culnc feet, or packed into 65 cubic feet. .As 
•the smallest mills crush about 13 tons of seed per day and the larger 
ones over 200 tons, considerable storage space is required. Seed 
from the whole crop arc retuh’ for the mill by the end of December 
and always suffer damage by c.\i)osure. .As stated, they are a 
verv' unstable product, *for even the pressure of the mass, if stored 
in bulk, especially if any ])ortion of them have been trampled on 
and crushed, suffices to cause hetiting and a rapid fermentation in 
the dam]) seed as thev come from tl e gin, which either destrovs the 
kernel entirely or renders it fit to i)roducc only oil and meal of infeiior 
(|uality. Seed in storage should be kept cool and drv’. No plan 
has yet been devised to i)reser\c them in large quantities, and rai)id 
handling is necessary. Oil-mills maintain sced-houses and scales 
at railroad stations and employ tigents to j)urchase seed as the 
wagons bring them from the gins. They are stored and, as occa-.ion 
offers, shipi>ed in bulk in bo.x-cars. Smaller mills obtain mo^i of 
their seed directly from the gin by wagon. 

Handliftg Seed.— Throughout the construction of a cottonseed- 
oil mill, the difliculty of seed-clogging spouts and passageways 
must be confronted. The seed are covered with lint, left b\ the 
cotton-gin, which iDrcvents them from flowing freely like corn, wheat. 
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etc. Inclined passageways, or chutes, should not be at a less angle 
than 45°, and then it is necessary to have plenty of room. The 
adhering lint tends to hold the seed together when in bulk, and 
effectually precludes the use of any hopper or bin where they may 
be expected to accumulate and How out freely. 

For horizontal transference of seed, si)iral steel conveyors of 
the type shown in Figs. 15 and 16 are commonly used. They vary 



Fig. 15.—End Drives of Horizontal 0 )nv<\vf>r. 

in size from 6 to 16 inches in diameter, and in speed according to 
the (|uanlity of seed handled and the time in which it is desired to 
transport them. The direction in which the seed are moved depends 
u])on the direction in which the conveyor is made to revoke. The 
manner in which power is a])])lied,corners turned, and the construction 
and lining of the conveyor boxes, are shown in Figs. 15 and 16. For 
\ertical transference, elevators, of which various types are shown 
in Fig. 17, are used. These consist essentially of single or double 
s|)rockct-chains, or leather or cotton belts, moving u])on sjjecially 
constructed sprocket-wheels or pulleys located at the jjoints of 
receipt and discharge of the material to be elevated. Tlie ljuckets, 
which may be of various shapes and sizes, are attached at uniform 
distances to the chains or belt. The ca|)acity of an elevator is deter- 
minl-d by the size and number of buckets and the speed at whuh 
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the chain or belt moved. The elevator surrounded by a dust- 
prcK)f case which is attached to a hopper or box at the bottom, into 
which the material to be elevated is discharged, and into which the 
empty buckets dip ;is they descend. 

Cleaning.—The seed as received front the gin tire contam¬ 
inated with varving amounts of foreign matter, as bolls, flocks of 
lint, pebbles, sand, earth, twigs, leaves, nails, bolts, bits of metal, 
pieces of wood, etc., which must be removed. The seed are trans¬ 
ferred -by elevator and conveyor from bins in the storage-house to 
the boll-screen. This is an inclined revolving screen or reel of 
cylindrical or hexagonal cross-section, with perfonitions suflicicntly 
large to allow seed and foreign matter of equal bulk to fall through, 
while foreign matter of greater bulk is discharged at the farther and 
lower end from the feed. The boll-screen may be made of ])cr- 
forated metal or coarse wire netting, and makes about 20 revolu¬ 
tions per minute. From the hopper beneath the boll-screen, the 
seed with foreign matter yet unsej arated are transferred to a smaller 
screen similar in construction and operation. Here the perfora-' 
tions being smaller, the seed are retained, while sand and earth fall 
through. The screens var\’ from 3 to 5 feet in diameter, and from 
8 to 18 feet in length. In some mills one screen, made of two sec¬ 
tions of netting of different mesh, is made to answer (see combined 
sand- and boll-screen. Fig. 18), but where ample cleaning c,'q)acity 
is desired, the arrangement is for two screens as above described. 
From the sand-.screen the seed are trans[)orted to a blower where 
foreign matter still retained is separated by means of a current of 
air. The final step in the mechanical cleaning of the seed consists 
in blowing the seed in a thin layer upon magnetized bars or plates, 
which serve to remove fragments of metal, nails, etc., which have 
escaped separation in the preceding steps. Matter collected in this 
way is removed from time to time. 

In this preliminary mechanical treatment of the raw seed the 
loss in weight arises from two sources, viz., separation 'of mixed 
foreign matter and eva[)oration of natural moisture of tlie seed. It 
amounts to about 6 per cent, of the weight of the original seed. 
With green, damj), or veiy dirty seed, the lo.ss in weight will exceed 
this- Imperfect removal of foreign matter results in abuse of the 
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finter saws, requiring their frequent removal for shar|)ening and 
repair. The |)hysical charailer of mi.ved cottonseed is alTecled to 
a large degree by its geographical origin and the iiractiee of ginners. 



In some sections the seed are very small with but little foreign mat¬ 
ter; in others the seed are ver\’ large with much foreign matter. 
This is especially true of seed from the Mississipiti and Red Ri<'cr 
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scclion-.. Some ginners add all refuse from the condensers to the 
seed. Where lack of care in this respect is practised, large waste 
is experienced, as high as 250 pounds ]>cr ton, and large screening 
surface is reapiired. 

Reginning or Delinting. —The delinter (I'ig. ip) is similar in 
construction to the gin for seed cotton described on page 6, 
but the saws arc set more ilosely together and with liner tee'th, 
mechanical conditions made necessary by the shortness of the fibre 
to be .removed. Instead of 60, 70, or 80 saws as in the ordinary 
gin, 106 are the usual number. An electromagnet may be attached 
to the hinges which hold the fecabboard of the delintei, 01 the mag¬ 
net mav take the iilace of the feed-board. The poles of the magnet 
extend across the entire length of the board, thus presenting a wry 
powerful and uniform magnetic field. 

The advantage of this position is very aiijiarenl, as the seed jiass 
over the magnet slowly and evenly, thus enabling the magnet to 
catch all metallic substances, large or small. , , 

'I’he magnet is in full view of the man who is in (harge of thg 
linters, and he tan easily remove all metals from the magnet, so 
there will be nothing to prevent an even tlow of the seed. 

The dcstnictive effect of any metallic object upon the saws of 
the delinter renders the necessity of precaution of this nature very 
apparent. The purpose of delinting is to remove more completely 
the short fibres which form the “linters.” Their removal improves 
the quality of oil and cake, makes the seed easier to handle, retards 
fermentation if storage is reejuired, and improves the hulls for stock- 
feeding. The products of delinting arc the linters, which pass to 
the condenser attached to the delinter, where they are formed into 
rolls which are removed at intervals and baled, and the seed, which 
arc now ready to be hulled or decortiiated. 

It is not desired in American practice to completely separate 
all fibre from the seed, as the portion allowed to remain assists 
in the separation of the meat or kernel from the hull. With faulty 
manipulation, however, a second delinting may be necessary. Sea- 
island cotton is entirely freed from lint by the first ginning, and is, 
therefore, not reginned at the oil-mill. Uiiland cottonseed vary 
in.the quantity of lint which remains after the first ginning, some 
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carrying considcraldc' lint, wliik' other seed approach very closely 
the condition of the ^eadsland variety. Table ^ shows that the 
quantit)’ of lint secured by the oil-mills from the necessarv reginning 
of the sei'd varied from ly to 26 pounds ])er ton, and that the aver¬ 
age for the United States was 23 pounds ])er ton. IJnlers, or delint, 
as the short libre is iilso called, lind extensive application in the arts, 
and arc available for most purposes for whidi ordinar\ lint (otton 
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is used, but command a much lower price. Paper, hats, carpet 
yarns, and cheap cloth represent the chief consumptive outlets. 

Hulling.—Hulling, or decorticating, has always been a very 
dilTicult proce.ss, owing to the varying conditions of the seed. When 
it is thoroughly dry and free from an excess of lint, it is not so hard 
to accomplish, as then the hull is easily broken and kernel, or “meat,” 
is loose and drops out of the cracked hull. But when the seed are 
not well matured, damp, and soft the hull will not break, but mashes 
so that it is hardly possible to get the meats from the hull, and under 
such conditions seed must be cut and not mashed. 

The hulter (Figs. 20 and 21) consists essentially of two concentric 
cylinders, the outer one stationary and the inner one attached to a 
shaft carrying a pulley by which power is applied. The inner cylinder 
carries knives set into its circumference. These knives, 9 to' 17 
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in numlx^r, according to the c:i))acily and construction of the huller, 
are called “cylinder’’ knives, in contradistinction to the “breast” 
or “concave” knives, set into the concavity of the outer, stationary 
cylinder. The breast knives arc adjustable and can be set a 
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desire<l from one thirty-se( ond to tliree-sixteenths of an inch from 
the periphery of the revolving cylinder knives. 'I'he huller proper 
is surmounted by an adjustable feeder, which admits of a regular 
and uniform feed and is i)rovide(l with a clutch by means of which 
the feed" may be varied at will. The inner cylinder revolves at 
high spee(i, usually iioo to 1200 revolutions per minute. 

The pur[)ose of the huller is to loosen and detach the hull, or 
])ericarp, from the kernel of the seed. This it docs by cut4ing and 
cracking, with sound, dry seed, the hard and brittle hull. 
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Tht hullcrs do not, a rule, remove the endoearp, or outer 
skin—i.c., the membrane between the shell and kernel. The endo- 
carp for the most part remains on the kernels and is disintegrated 
when they are passed through the erusher-rolls and reduced to a 
uniform meal. 

'I'lie cylinder kni\es must be kept true with the cutting edge. 
In setting cylinder knives, first put in all the knives; then set the 
knife that has the longest edge to the top breast knife so that it just 
clears and is parallel with the edges, then pack up with paper 
all the other knives, until all cutting edges are true in circumfer¬ 
ence Tlu' edges of the cylinder knives must form a true circum¬ 
ference to do good work, and must be firmly attached to the cylinder. 
The breast knives do the cutting, and shouhl be kept sharp, and the 
first two of which that receive the seed should be set back a little 
more than the others. The discharge must be kept free so that 
the seed is not carried around the second time or more after being 
cut. If the huller is not pro|)erly set or speeded, all the sted will 
not be cut and whole seed mav pass througli. 

The meats with the adhering cracked and detached hulls arc 
discharged from the huller and conveyed by elevator to the meat 
and hull separator. 

Separating Meats and Hulls.—I'or this jiurpose a device, a form 
of which is shown in I'ig. 22. is employed. It closely resembles 
the boll-screen (Fig. 18) in construction. .\ reel cocered with a 
wire screen revolves about 20 revolutions [ler minute. 'File mass 
of chopped seed, meats, and hulls disibarged from the huller are 
elevated to the to|) of the casing inclosing the screen and discharged 
U])on it. The meshes of the wire screen effect a sejearation of hull 
and. meat by allowing the latter to pass through the screen, while 
most of the hulls collect in the screen and are discharged from one 
end and conveyed to the hull-house. The meats are discharged 
from the hopper beneath the screen ujacn the sliaker, or oscillator, 
oscillating about 250 times per minute. The lint adherihg to the 
hulls that remain wath the meats causes them to “ felt” together in 
wads as they are tossed upon the shaker and prevents them from 
falling .through with meats as they are sifted out. Naked seed, 
notal ly from Egyptian and sea-island cotton, do not permit of as 
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thorough a separation of meal and hull, owing to the ahsenee of 
lint, and as a result oil and cake made from them is of inferior (jual 
ity. Bv reference to 'I'ahle 3 it will he seen that the average yiel 1 
of hulls from 2000 ]iounds of see(l in the United States is 943 pounds. 
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Crushing. -'I'lie purpose of crushing is to rupture the oil cells, 
and to .so Break down the structure of the kernel that all parts may 
be etiually exposed to heat in the cooking jirocess, whereby jhe mass 
is.thoroughly and uniformly softened, thus permitting the freei^gress 
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of the oil in llie press. Crushing is effected by means of chilled- 
iron rolls of different sizes and methods of driving. Crushers vary 
in capacity according to the number and length of the individual 
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rolls, which may vary from 3 to 5 in number and from 2 to 5 feet 
in length. Jnflividual rolls vary in diamett’r from 12 t() 16 inches. 
In I'igs. 23 ;ind 24 are shown res[)ectively thri-e-high geared 
and five-high belted crushers. In Figs. 25 to 28 inclusive addi¬ 


tional ^yjjes are shown. The faces of the .. . . 

groi^l' absolutely true. 'I'he steel scrai>ers are held against the 
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rolls by adjustable weights. The rolls arc held together by heavy 
coil s])rings which give sulTicient |)rcssure to thoroughly cnish ahd 
break the oil-cells, but will yield and allow any pieces of metal Iht^ 



- -... ... - 
Fig. 2<). - T.ind'.'m licllc’d (. lll^lK'r 

might ])ossiblv get in with the meats to ))ass through wilhoit injury 
to the rolls. The (rusher is surmounted by a feed-bo.\ in which is 
a lluted roller, driven by a belt, that feeds evenly and regularh the 
entire length of the roll and has a dutch so that it may be shut off 

instantly in case of a sudden stop. 

The (leaned kernels are carried by conveyor from the oscillator 
to the feed-bo.x above the crusher, whence they are evenly disi.'buted 
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in proper quantity to the rolls and i)ass in surccssion between each 
pair of rolls whose smooth hard surfaces and heavy weights mash 
them into thin flakes, crushing every oil-cell. 

J. 



Fig. 27. - 'I'.irKlcni (.'ru'-hcr. Diivin on One S<(Ie. 

I 

It is very im[)ortant that the crushers be operated pro[)erly and 
that a uniform, uninterru]hed feed be ke[)t upon the rolls. Any 
delinquency whereby the meats are imperfectly ground as a result 
of hasty, irregular, or intermittent feeding alTects materially /he 




yield of oil in the i)ress. All swee])in('s of uncrushed kernels should 
be returned to the se[)anitor shaker and not allowed to ^o in with 
the crushed meats. When the meats are uniformly well crushed 
and soft, the cooking is more cflieiently done and the oil se[)arated 
in the press more etisily and in larger jjroportion. The roll should 
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run about 175 revolutions ])er minute. With thoroughly (leaned 
meats the elliciency of the e.xtraction i)rocess is determined by the 
care and s-kill with which the crushing is done. Improperly crushed 
meats mean inetlicient cooking; inellicient cooking means a low 
yield of oil of inferior ([uality and wasteful use of hller-cloths; 
inferior oil means large waste on relining and reduced yield of suc¬ 
cessive grades of refined oil. 
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Too much stress cannot be laid upon the care with which each 
step in the manipulation of the seed is performed. The steps pre¬ 
vious to and including crushing are mechanical; succeeding crush¬ 
ing, chemical inlluences enter to comidicatc the process and render 
more imperative the exercise of the greatest care and skill. 

From the crusher the flaked meats drop into a conveyor which 
delivers them to the heaters, or cookers. 
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C( >'l’'r( )NSKl-'b ((’onlinunl). 

Conking; Meats. Cak(‘forniinj; Witikle's \f(HliiKati(»n of the I'.vtYattion 
IVoees^ Hydraulic Press. Pressin}^ Hydraulic Pumi). Accumulators 
Automatic ('itange-valvc Application of Pressure to Hydraulic Pre^sr-' 
Relation of Heaters and Presses. Increasin;; the Yield of Oil. h''C c>f 
Press-cloth. 

Cooking Meats,—If tlic cdTicicnt jicrformancc of one step in 
the prepunilion of rollonsccd-oil is more important than another, 
or if there is one in whieh the character of the seed has a greater 
deternflhing inlltience upon the yield and (juality of the jirodtut, 
/f^^^)l.in}^. As we progress in our knowledge of the preptiration 
of cottonseed-oil and its assoeiated |)roduet, cottonseed-meal, the 
significance of the careful pertormanee of each step becomes more 
apparent. The purito^of cooking is to modify the consistency of 
the meats through lioft that the maximum }'ield of oil may he ex- 
[iressed. I'he hc^^f the cooker expands the oil in the meals ;ind 
increases its llu/ity, coagulates the albumen, expels the excess of 
natural moist^-e by evaporation and reduces the meats to the ton- 
sistenry de-»ed for the best results in the hydraulic jiress. 

TJj^reaters, types of which are shown in tigs. ,yo, 31, and 32, 
lire essentially circular steam-jacket jians of one-piece cast iron or 
ri\'etcd sheet steel surmounted by chutes which deliver the meats 
from the crusher, and provided with outlets, which may be either 
on the bottom or side, for the discharge of the cooked meats to the 
conveyor, which in turn delivers them to a sub-heater placed be¬ 
neath the cfioking-he.alcrs. 

Mechanical agitation of the meats during heating is effected by 
means of horizontal blades attached to a vertical shaft, which may 
be driven from cither above (Fig. 30) or below (Figs. 31 and 32). 

63 
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The heaters, as a rule, are provided with a live-steam coil, for 
the direct injection of steam should occasion require the addition 
of moisture, and detachable covers. The heaters are supported 
by a heavy iron frame, which also carries the driving-gear, and arc 
arranged in batteries of seldom less than two, and as a rule three, 
and sometimes four or more in number. The heaters, steam- 
jacketed on both sides and bottom, are from 52 to 72 inches in 



diameter and from 14 to 18 inches deep. They differ in size and 
number according to the capacity of the mill. The steam-jackets 
arc provided with pressure-gauges. Steam-traps for the automatic 
removal of water of condensation are essential, otherwise water may 
accumulate, and while the pressure indicated under such conditions 
may be satisfactor}', the temperature is entirely inadequate to effect 
the evaporation re(juired. 

It is in the cooking of the meats that the automatic mechanism. 
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which has been so far followed, is first supplemented by the judg¬ 
ment of the attendant, and it is upon his knowledge and skill that 
the success of the operation depends. With a battery of two heaters 
the procedure of charging the heaters, cooking and discharging the 
cooked meats is as follows: 



Fid. 3i,-'neatPrs with Bottom Drive and Cakt*-fornu*r. 

The heaters are charged in succession, with the feed so regu¬ 
lated that when the second heater is filled, the contents of the first 
heater have been cooked and ready to be discharged into the sub¬ 
heater. Cooking now proceeds in the second heater tvhile the first 
heater is being filled, and so on. With three or more cooking- 
heaters in the scries the same system of operation prevails. The 
length of time required for projier cooking depends upon the dry- 
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ness of the meats, varying from 15 minutes, with meats very dry, 
to 45 minutes, with green or damp meats. The steam-pressure in 
the jackets will depend upon the same conditions with regard to 
seed and upon the length of time in which it is desired to complete 
the operation, and may vary from 40 to 100 pounds. With very 
dry seed it is ncccssaiy to add moisture to the meats to assist in 
cooking. The direct injection of .steam alone usually sufl'nes for 
this purpose. Green seed as a rule cooks very etisily tind frequently 
with such rapid evaporation of moisture that it is necessary to raise 
the cover of the cooker to allow the steam to escape before the meats 
are brought to the proper consistency for jiressing. Heating should 
not be too rapid to secure the best results, viz., bright, compact 
cake and light-colored oil. If cooked too much the cake is brittle; 
if cooked too little whereby an undue amount of moisture is rettiincd, 
the meats ooze out of the press-bo.x, injuring the press-cloth and 
producing a “leathery'” cake. Hasty cooking tends to mal'c the 
oil toevred and the cake too hard. 

The tendency of the flaky meats to agglomerate in small lumps 
or ‘‘water-balls” under the action of the stirrers, may be corrected 
by subjecting the crushed meats to the action of a beater, whereby 
they are reduced to a /neal. Heat penetrates the interior of the 
“ball” with difficulty^^vith the result that the action on the press- 
cloth of meats con^ming them is the same as that of under-cooked 
meats. / 

With seed jf uniform quality, which uniformity may frequently 
be maintained for periods of several days or a w'eek or longer, the 
steam-rvssure may be kept constant and the time of cooking varied 

^uit conditions of the meats; or the time of cooking may be kept 
constant and the stcam-i)rcssure varied according to the moisture- 
content of the meats. The temperature of cooking does not, as a 
rule, exceed 220° Fahr. 

Owing to the varying character of cottonseed with respect to its 
moisturc-dontent, a system of the strictest regularity at the cookers, 
with respect to time allowed for each batch of meats, steam-pressure, 
etc., becomes impossible. The entire responsibility of successful 
operation rests upon the “cook.” His judgment and experience 
must determine the nature of the treatment followed, and with him 




Fig. 32.—Heaters with Bottom Drive and Sub-heater. 

























cottonseed. 


69 


must reside the responsibility for the surcessful results of his work. 
The right temperature, uniform (listributi(.n of the he,at, and ;i thor- 



\ 

^ oughly homogeneous mixture of the mass of meats arc prime essen¬ 
tials of proper cooking. 

The sub-heater is similar in construction and manipulation to 
the cooking-heaters. It is placed below the bottom level of the 
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cooking-heaters and receives the cooked meats from them by con¬ 
veyor. Formerly the cooked meats were delivered directly to the 
cake-former but not with entirely satisfactory results, as the last 
portion of the charge remaining in the coi)ker was often cooked too 
much. By the use of tlie sub-heater, which is now general, the 
entire charge when cooked can be delivered by conve\'or to the sub- 
heater and there retained without decrease of temperature until all 
is put through the cake-former. When the process is completed in 
the cooking-heater and the meats delivered to the sub-heater, it is 
essential that ])roper thermal conditions be maintained there. 

Cake-forming.—The cake-former, shown in its relative position 
to the heaters in Figs. 30, 31, and 32, is illustrated separately in 
Fig. 33. Its object is to shape or form the cooked meats into com¬ 
pressed cakes of uniform si/e and weight before subjecting them 
to pressure. In the steam-former shown in Figs. 30 and 33, the 
ram is 18 inches in diameter and is provided with an automatic 
cushioning device for the drop or return stroke. The carriage runs 
beneath the outlet of the sub-healer, from which is delivered a 
uniform quantity of cooked meats. On the top of the ram is laid 
the press-cloth, onto which the carriage discharges its quantum of 
cooked meats. Under steam-pressure the ^am ascends, subjecting 
the whole to the desired jmessure. The press-cloth is then folded 
over the cake, which is carried on a tray or plate to the press and 
inserted in an empty compartment. The former is amjde for four 
presses. Great care should be taken that the cakes be made uni¬ 
form in thickness and density, and be properly wrapped, so that 
pressure is e.xerted uniformly, otherwise loss is suffered through 
injury to press-cloths. 

There are various ly[)es of formers. The ram may be operated 
by direct steam-ijressure as described, hydraulic ])ressure, com¬ 
pressed air, or driven by bell. 

Transferring cooked meats from the sub-healer to the former 
is likewise effected in a number of ways. 

Van Winkle’s Modification of the Extraction Protess. —It is 
naturally to be desired that the maximum yield of oil be obtained, iind 
many patents for processes looking to a closer approximation of the 
theoretical yield ha\'e been recorded. The tendency of all manufac- 
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turing is toward simplicity of operation consistent with economy. 
Closer approximations to theoretical yield from raw material in 
any industry may involve greater expense, either in direct outlay 
or in inconvenience or added complexity of ojieration, than there is 
economy secured. Experience with new ideas in the varying con¬ 
ditions of practical work can tdone determine their value. 

\ an Winkle’s patent relates to an improvement in the prex'ess of 
extracting cdl from cottonseed, whereby the yield of oil is churned 
to be inc reased and the 0[)eration rendered cheaper, simpler, and 
more effective. In lug. 34 is represented ditigrammatically an ap[)a 
ratus for carrying out the process. 

In this iippttratus, a represents the huller, and h the conveyor, 
which delivers the broken seed from the huller to the elevator c, by 
which elevator they are delivered to the sejiarator c/, the hulls being 
discharged at the end of the machine, while the meats fall down 
into the conveyor c, from whence they ])ass through the chute / to 
the elevator g. The elevator g delivers them to the crushing-rolls 
m. 'This conveyor Ii is surrounded by a steam-jacket /, into which 
steam is delivered through a pipe /, the purpose of this steam-jacket 
being to heat the meats during their passage through the conveyor 
h. A steam-pipe k, provided with a valve 1 . connects the steam-pipe 
j with the conveyor l/. This is for the puqcosc of moistening the 
meats if moisture is necessary. This conveyor with its steam- 
jacket and steam-pipes connected to the conveyor and jacket, is 
what may be called a “tempering device,’’ whereby the meats are 
prepared for the crushing operation. If the cottonseed is fresh, no 
moisture is needed. If, however, it is old and dry the subseejuent 
operation will be much facilitated by moistening it before it is 
crushed. If the seed is very fresh, the meats arc soft and sticky, 
containing in some instances too much moisture. This objection 
is also overcome by means of the tempering device, some of the sur¬ 
plus moisture being dried out and the meats thereby brought to 
the right consistency for the crushing. The meats after being 
crushed by the train of crushing-rolls m fall into a conveyor n, 
which delivers them into an elevator 0, which delivers them in turn 
into a conveyor p, located above the cooker q. This cooker is sup¬ 
plied with steam by means of the pipe r, which is connected with 
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the steam-pipe j. After the mass has been thoroughly cooked it 
is put into the press s and the oil expressed in the usual way. 



In the ordinary process of extracting oil from cottonseed the 
kernels are passed from the separating-machine direct to the crush- 
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Ing-rolls, where they are cru^he<l cold. The crushed mass is then 
passed into a steam heater or looker and then to the press, where 
the oil is extracted by pressure. The patentee has found by actual 
trial, however, that the yield of oil can be considerably increased 
if the cottonseed are hulled and if the meats are crushed under the 
influence of heat, either by having the rolls themselves heated or by 
heating the meats before they are delivered to the rolls, or both. 
This is the most important fcaiture of \'an Winkle's process, that the 
meats should be crushed hot, either with or without the addition 
of moisture, before the crushing operation, as the condition of tlie 
meats rccpiires. 

The Use of crushing-rollers, as is well known, is to bre.ak up 
the oibiells and disintegrate the fibrous matter preparatory to the 
cooking of the crushed mass. By Van \\ inkle’s process, houioer, the 
disintegration of the oil-cells and librous matter is far more (om- 
pletely done by reason of the fad that the i rushing is done under the 
influence of heat, and by actual ex]>criment \ an Winkle found that 
it is ji^ssiblc to Use a much lower degree of steam-pres-'Ure in the 
• cooker or digester q and a much lower degree of pressuie in the 
press i; also, that the amount of jiress-doth reijuired in said press 
is much less than it was under the old conditions, and that the oil¬ 
cake itself is more attractive :ind regular in ap|)earance, being free 
from the greenish s])ots whir h often occur from balling in the heate*is or 
cookers. \'an Wbnkle found by actual trial that these e aluable results 
arc secured by properly tempering the meals before the (rushing 
operation. By “temiiering” he metins subjecting the meats, either 
with or without the addition of moisture (which moisture ma\ be 
cither in the form of steam or water), to the action of heat before 
'said meats tire delivered to the crushing-rolls. \'an Winkle found by 
experiment that the elTiciency of the [irocess increases from the 
beginning until the time when the rolls tire well heated up, as of 
course they will become hetited by contact with the heated meats. 
An hour after the use of the ap])aratus is begun, it is found that 
the yieUrof oil is sensibly increased. Winkle therefore prefers to 
• heat the rollers in the beginning of the operation, although after 
they have once been heated up there is no necessity of continuing 
to heat them. 
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One of the serious objections to the ordinary [)rocess of extract¬ 
ing oil from cottonseed is that unless the seed is fresh moisture must 
be added to it to have it cooked properly. This is generally done in 
the cooker or digester q; but the addition of moisture to the crushed 
mass in the cooker itself has serious objections. Just as would 
happen if water were poured into flour, the crushed mass when 
subjected to the action of moisture forms balls oftentimes of con¬ 
siderable size, and if one of these balls were broken it would be 
found that while the exterior was ])roperly cooked the interior would 
be practically uncooked. The result would be that when one of 
these balls got into the ])ress it would tear the press-cloth, thus 
materially increasing the expense, and would make a greenish spot 
in the pressed cake. Van Winkle overcomes this objection by intro¬ 
ducing moisture into the meats before they are crushed, so that 
during the crushing operation the moisture is thoroughly and inti¬ 
mately mi.xed with the crushed mass, the result being that in the 
subsequent cooking there is })ractically no formation of balls, .^s 
said before, .some varieties of seed when fresh contain enough 
moisture, and in this case none need be added. If, however, 
the seed is old and dry, the o[)eration is much facilitated by 
adding a small amount of moisture to the meats before they are 
crushed. 

Hydraulic Press. —The apparatus required for pressing oil from 
the cake com])rises the hydraulic [)ress (Figs. 35, 36), low- and high- 
pressure pumps (Figs. 38, 39), and accumulators (Fig. 40), which with 
their appurtenances constitute in their construction and operation 
the most delicate and complex part of the efjuipment of a crude 
cottonseed-oil mill. The operation of the hydraulic ])res.s is based 
upon the princiide of hydrostatics that a |)ressutc e.xcrted uj)on any 
part of the surface of a liquid is transmitted undimini.shed to all 
parts of the mass and in all directions. Thus, if we have a cyltnder 
tilled with water, in one end of which works a plunger i inch 
square and in the other end of which works a plunger. 12 inches 
square, this pressure will be transmitted undiminished by the water 
and will exert a total pressure of IX 12X12, or 144 pounds. The* 
essentials of a hydraulic press arc, therefore, a small cylinder con¬ 
taining a plunger to which pressure is applied, connected by a pipe 
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with a large cylinder containing a plunger which transmits the mul¬ 
tiplied pressure to the material to be pressed. 

The modern plate-press, shown in front elevation with empty 
compartments in Fig. 35, and in side view in Fig. 36, has almost 
entirely superseded the old-style box-press, owing to its greater 
capacity, compactness, and economy both in operation and use of 
mats and bags. With the box-press the cooked meats were placed 
in woollen bags and these s[>rcad out and equallized in thickness 
on “mats.” These mats were closely woven from horsehair and 
covered with a leather back, the whole very much resembling a 
book which opens at the end. The mat was closed upon the woollen 
bag of meal, the open end of the bag being folded over itself next to the 
hinge of the mat. It was then placed in a compartment or box of the 
press. When all the boxes, usually six in number, were filled, pres¬ 
sure was applied. With the present plate-press, twelve to fifteen 
cakes occupy the place which, in the old box-press, was filled with 
six cakes. A very’ considerable increase in capacity with the same 
presspre and apparatus has thus been made possible by the sub- 
'stitution of plates (Fig. 37) for bags and mats. 

The capacity of a press depends on the weight and number of 
cakes. A press with a^ram 16 inches in diameter contains from 
12 to 16 plates. Smaller presses with a 12-inch ram contain from 
7 to 12 plates of proportionately smaller area. The average size 
of cake made with the larger press is 14X32 inches, which, to secure 
the best results, should not weigh more than 12 pounds, although 
with well-cooked meats a cake weighing 13^ pounds may be made. 

Pressing. —The cakes of cooked meats, wrapped in camel s- 
Jiair cloth and subjected to a pressure in the former just below 
what is necessary to bring the first running of oil, arc carried by 
hand on a steel plate or tray, and inserted into the empty compart¬ 
ments of the press until the latter is filled. The system of applying 
pressure to the press depends upon the number of presses, and in 
any case -the application is made in two successive stages. In the 
first stage A comparatively rapid movement of the ram is made to 
"bring the plates together; to take up the “slack” of the press, as it 
is called, and to allow the cloth to “set,” or conform itself to the 
shape the cake is destined to assume without injury to the cloth. 
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. 35.—Hy<JrauIic I’ress without Change-valve—Front Klevation. 
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l!\(Ii.iuln l'u■^v with AutomalK Cliaiigc-v,il\e- Side lilcv.uioii. 
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The pressure applied to the ram by the hydraulic pump in the first 
stage, as a rule, does not exceed ^co pounds [jcr square inch. In 
the second stage a much slower movement of the ram is made, during 
which the greater part of tire oil is expressed by allowing the plates 
to come together and the compressed cake to drain. During the 
first stage two-thirds of the travel of tile ram is made and the oil 
started. During the second stage the i)ressurc is gradually a[)plied 
to the maximum, the cake assumes its final density, and the last 
traces of oil, possible under the pressure given and the time allowed, 
separate. During the' second stage the maximum pressure applied 
to the ram, as a rule, does not exceed 4000 pounds per square inch. 
With a ram 16 inches in diameter, which is the average size for the 
modern press, its equi\alent area of 201 square inches will exert a 
total maximum pressure of 804,000 j.ounds upon the cake. With 
a cake 14X3J, or 448 square inches, the pressure ])er s(]uare inch 
will be nearly 1800 pounds. 

Hydraulic Pump.—Pressure is ap])lied by means of a hydraulic 
jmmp. With an equipment of but two ])re'ses, one pump of a 
‘s[)edal construction, a type of which is shown in Fig. is used 
for the application of both low and liigh pressure. This |)ump is 
provided with an autonijitic regulating-valve shown at the right in 
Fig. y), and attached to the steam-pipe. It admits sufficient steam 
to o[)eratc the jiump at uniform speed. As the ])re'sure ri-.es it 
automatically admits more steam, until the maximum pressure for 
which it is set is reached; then it automatically closes an<l stops 
the ])ump. To the left (Fig. (jcp, and attached to the hydraulic 
cylinders of the jmmp, is the safety-\alve which limits the maxi- 
.mum jiressure. With more than two prt'ssi'S the work is divided 
between two pum[)s, one for the low pressure and the other for the 
high pressure. type of low-pressure punq) is shown m Fig. ?8. 
With more than four presses increased Ilexibility is given to the 
hydraulic system by the addition of an accumulator (Fig. 40). 

Accumulator. —The accumulator is a device for equalli/.iug jires- 
^ure, or for the accumulation of energy for intermittent use. It 
consists essentially of a vertical cylinder resting on a firm base and 
having a plunger working through a slulling-box at the top. This 
plunger has at its upper end a yoke which carries by means of 



80 


COTTONSEED PRODUCTS. 



pjQ y iV* V lo" T <>w-pre«'=ure 1I\ ilraulic Pump. 



COT'I'O ySF.ED 














COTTOXSF.F.I) FKODUCTS. 


S.’ 


suspension rods a heavy weight of east iron. A pump forces water 
or oil into the cylinder at a pressure sufficient to lift the weighted 



Fui. 40.—Accumulator. 


plunger to the top of the cylinder, where it automatically stops. In 
this position the cylinder is filled with a column of li(|uid which 
su])ports the weighted plunger on its top. As water or oil is drawn 
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off from the cylinder to supply the press the weighted plunger 
descends, always keeping a i)ressure on the loj) of the column of 
liquid e(]ual to the (onibined weight of the plunger ami its load. 
As soon as the plunger descends the ))ump resumes work and 
raises it again. Bv this combination of operations, water-]>ressure is 
‘always ke[)t constant for sup])lying the pre.sses. The term ‘'<lead 
weight” is (ommonly applied to this type of aicunuilator. In the 
‘|)neumati( ” accumulator the pressure 01 compressed air rephi es 
the weight of supported meial. .\ir is compressed b\ pumping 
water or oil into a closed vessel containing it. Its operation is the 
same as the ''dead-weight” ac;iimulaior. 

The aicumulalor may ix used in eomiection with either the 
low-pressure or the high-pressure [jumji, but more commonly with 
the former. With the use of the improred “ihange" valves of 
automatic trpe, whereby pressure is transferred from the low pres¬ 
sure pump I ' the high pressure pump without injury resulting 
Tom ^udden applieation of increased jiressure, the necessity of 
tfie accumulator is nittch lessened. 

^Fhe Iluid commonly used in both the accumulator and presses 
is cottonseed-oil, preferably relined. 'I'o avoid clogging and abra¬ 
sion, the oil should be kept free from foreign matter of every descriji- 
tion. Oil in prolonged use foi this jiurpose lends to thicken and 
should be replaced with fresh oil when for any reason it becomes 
unsuitable. 

Automatic Change-valve.—d'he regulation of the pressure ap¬ 
plied to the press by the pump is effected by means of the ‘‘change ” 
valve, of which there are ctirious forms. In the form shown in detail 
.in ITg. 41 the adjustment is automatic. It gives to the ram of 
the press a very high s[)eed u]) to the ])oint where the iiressure is 
sufficient to lake up the “.slack” of the press and to start the oil 
from the meats. From that point it limits the speed .so as to give a 
slow continuous movement. It not only regulates the action 
ot'^hc I '^ss in this manner but also saves power by using high-pres- 
sfffS^I only iiftcr the low pressure has done its work and carried 
'the press to about its limit. 

The action of the valve is as follows: When a press is sent up 
this valve remains open and allows a free i)assage for the oil until 
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the sliuk is taken u|) and pressure begins to be applied to the cake. 
This pressure, when suflieient, by acting on the |-ineli piston lifts 
the lever arm carrying the weight. This forces a ^-ineh piston, 
situated beyond the pivot, ui)on its scat through which the oil has 
been jjassing. Immediately the s])ce(l of the ])ress is slackened, 
but not stopped entirely, as a groove in the end of the 1,-inth piston 
allows a limited amount of oil still to pass. By reversing the 
[)iston which has a different sized groove at cither end, and by 
shitting the weight, absolute control of speed and time of action is 
obtained. The lever falls tind the vabe opens automalieallv when 
the ne.xt pre- s is sent up. 

Application of Pressure to Hydraulic Presses.—In an e.xcellcnt 
practical jtaper on the application of pressure to the hydraulic press, 
read by J. C. Weaver before the Te.xas Cottonseed Crusheis’ Asso¬ 
ciation at Fort Worth, Te.xas, July, 1900, the following valuable points 
on this important part of the oil-miller's work were brought out: 

“In the aj)plication of pressure to hydraulic presses, as j^pplied 
in cottonseed-oil mill-work, there are several points to be • con¬ 
sidered: a ra])id movement of the ram of the presses, at the start, 
in order to take up “the slack,” that is, to bring the plates together; 
a sto[)page of this movement at the projter ftressure in order to allow 
the cloth to set without damage to it; then a slow movement of the 
ram to allow the plates or bo.xes to close only as the ceil can be drained 
therefrom, thereby again reducing the liability to injure press-cloth 
by the too ra])id pressure being exerted for the proper discharge 
of the oil through the openings provided therefor. A rapid move¬ 
ment of the presses in the beginning enables a longer drainage to 
be gotten, as the time necessary for closing the press-plates and* 
bringing them to the point of extraction of the oil is greatly reduced. 

“ On the other hand, a shorter time for the total operation of the 
presses to the point of actual work will result in the increase of the 
capacity of the mill, with attending good results, not only in the 
increase of drainage time, but in the reduction of the labfitt account 
per ton of seed worked. The old method of apjdying pressure‘'by_ 
the means of power pumps, without any variation of capacity or 
speeds, seems to have been relegated to the past, and properly so. 
In mills of capacities of 60 tons and over, the accepted and desked 
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method, at this time, is the application of a high and low pressure 
either by means of belt-driven or steam-actuated pumps. That 
the high- and low-pressure application is the correct theory, from a 
standpoint of economy and proper mechanical i)rinci[)les, there can 
be no doubt, but the best and most satisfactory means of arriving 
at the result is the point to be considered. The power pump, belt- 
driven, in connection with the weighted accumulator has been used, 
and with good results. The weighted accumulator, however, is a 
cumbersome affair, taking up considerable space, and being neces¬ 
sarily more expensive than some other methods. The power pump 
is a complicated affair, on account of its numerous working 
parts, consisting of working-barrels and pistons or plungers, and 
their packing, cross-heads, eccentric-,, cranks, or walking beams, 
valves, etc. The necessity of o[)erating the presses by means of 
change-valves made as a part of the pump proper, reciuiring the 
operator to go to the pump at each time of turning on the press, is 
also an objection. This class of pump being compelled from 
necessity to continue in constant operation, with the attending xyear 
and tear on its working parts, its packing, etc., makes it especially 
objectionable. In the event of any necessity for shutting down 
the mill from any cause, the pressure on the presses ceases and the 
presses become entirely inoperative. By the use of high- and low- 
pressure independent pumps, operated by direct steam-[)ressure 
automatically handled or controlled by the change-valves, located 
at the most convenient place near the presses, a much simpler 
arrangement is obtained. 

“ By means of ;i single-handed valve, o[)crating the change-valve 
proper, in connection with the valve for automatically controlling 
the high- and low pressure pum|)s, and this valve located at the 
presses, no time is lost. Immediately on the opening of this change- 
valve, the expansion of the comijressed tdr, with which the accumu¬ 
lator is charged to a [iressure of 400 to 600 pounds [)er stjuare inch, 
forces the oil in front of it, and filling the cylinders of thu^^esses 
and the pipes leading thereto, rai)idly closes up the slack ofThe 
boxes, jireparatory to getting the press down to actual work, and 
does this with perfect freedom from the pulsations and thrust of 
the pump when working direct, having when the plates are brought 
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to a dose niudi the same effect on the doth as a[)i)lyin)i; a steady 
constant strain on a string or rope, as compared to continuous jerks. 
The low-pressure pump acts only on the aciumulator and not directly 
on the ])ress-rams, except through the medium of the adtimulator 
in which the pressure is stored. The automatic valve attached 
directly to the |)ress, and being |)art of the change-valve, |iermits 
the low |)ressure from the acctinuilator to operate directly on the 
ram until the maximum pressure for which it is intended is readied, 
liy the operation of this valve the low pressure is shut off and the 
high pressure started, when the maximum jiressure for width the 
1 )w jiressure is set has lieen readied. 'I'he sliick of the press having 
been taken up and the material in the box' set, wliat is now needed 
is a steady pressure ;ind freedom from pulsation, closing the boxes 
as oil is discharged from them. This movement is (ontrolled by 
valves having small openings, known as chokers. 

‘•.\t the time of the starting of the high pressure pump, the doth 
has adjusted itself to its boxes, the oil has been started, tmd tvvo- 
thirds*of the travel of the ram has lieeii made, and the higli pres¬ 
sure pump, acting independently of the low-pressure, as well as 
the accumulator, maintains a consttmt pressure in the header, whidi 
is steadv and reliable. ,Autoniatii ally operated pressure regulators 
dose the jiump down when the maximum pressure is readied, or 
throttles to such an extent as to allow only such a nioveiiietit as may 
be reiiuiied to overcome the drainage of the oil from the material 
in the boxes and maintain pressure for which they are set. 

“ Safety-valvi., property set a little in advance of the pressure 
required, both on the accumulator and the high-pressure jiunips, 
overcome any liability for damage, should any of the parts fail to 
operate properly. 

“ The steam-driven pump operates only as the pressure is needed 
for each press independently, and while it is a well-known fact that 
the use of the steam directly applied, as in steam-pumps, is not 
econonyifal as comiiared with its use through the medium of ah 
crigflic' using steam expansively; in the one the movements are con¬ 
stant, in the other they are intermittent. In the one the wear and 
tear is continuous, in the other it is reduced to only that time actually 
required for putting the pressure on the presses. 
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“ The cost of maintaining the one as compared to the other is 
greatly in favor of that possessing the fewer parts and sustaining 
the least wear, and this is unquestionably the steam-driven pump. 
The independence of the steam-pumps from other machinery—the 
reduction of working parts, the rapid movement of the press—is due 
to the expansion of compressed air, preparatory to exerting the 
high pressure and the saving of time thereby. The ease in handling 
of press-cloth, that necessary and much-to-be-regretted evil gen,us 
of the oil-mill business, the reliability, and safety, all tend to pre¬ 
ponderance in favor of that system in preference to any other, and 
the favor of which this has been received and used has proven that 
careful investigators have favored a practical method and been 
willing to lost its merits." 

Relation of Heaters and Presses.—With a capacity of 40 tons of 
seed per day the usual cciuipment is either two 52-inch licatcrs or 
one 72-inch heater for each pair of presses. Each 15-box press has a 
capacity of one-fourth ton of seed per pressing, which with 4 press¬ 
ings per hour represents a maximum daily capacity of 2,; tons. 
With fewer pressings per hour, the capacity i)er press per 24-hour 
day is correspondingly reduced. With three pressings per hour 
the daily capacity per ]>ress will be 18 tons. 

The capacity of a 52-inch heater is about 500 pounds of cooked 
meats, which, with satisfactory steam-pressure and pro[)er h.indling 
of the varying conditions attending the seed, can be cooked in 
thirty minutes. Thus a charge from a heater of this size will su[)- 
ply one press twice an hour, and two heaters cooking twice an hour 
will supply two presses eight times an hour. With the above ecjuip- 
ment the supply for the presses per hour may be increased by either 
reducing the length of the cooking period or by increasing the charge 
at each cooking, which jirocedure is not to be recommended, as it 
is invariably accomiianied by deterioration in the riuality of the 
oil and cake. One 72-inch heater with good control of conditions 
will cook on an average 750 pounds of meats three times an hour, 
which is equivalent to a sujiply of meats nine times a,n liour for 
two presses. 

A mill with an equiiiment of one 52-inch heater and one [iress 
will have a ca[)acity of 10 to 20 tons of seed jier day of 24 hours. 



COTTONSEED. 


89 


A two-press mill with either one 72-inch or two 52-inch heaters 
operated as described will have a daily capacity of 35 to 40 
tons. 

A three-press mill will work up 45 to 50 tons of seed a day. 
A four-press mill will w'ork up 60 to 75 tons of seed a day. 

Incraasing tha Yield of Oil.—The chief concern of the oil-miller 
is to obtain the maximum yield of crude oil from seed of given quan¬ 
tity and quality. This means the maximum percentage of crude 
oil in the storage-tanks and the minimum percentage of oil in the 
cake. These proportions are determined Iry the quality of the seed, 
which is the resultant of various conditions attending its growth 
and handling and the manner in which it is transformed into its 
products. The ingenuity of the chemist and engineer are ilirected 
most to the latter aspect of tire industry, .\mong numerous sug¬ 
gestions for increasing the yield of oil is the invention of E. L. John¬ 
son, of Memphis, Term., which consists, essentially, in mixing 
with a mass of cottonseed kernels a limited quantity of cottonseed- 
bran nullicient to mtike the mass porous, so that it shall yield up the 
oil more readily when presse.l. 

The descriptive character of Johnson’s specification warrants 
its reproduction; , 

“In the manufacture of cottonseed-oil two general methods 
have been adopted. One is to hull the cottonseed, cook the ker¬ 
nels in a heater, draw otf llie heated mass into a former, where the 
mass is formed into cakes, and then subject these cakes to hydiaulic 
pressure to press out the oil. Tliis gixes a good quality of oil, but 
leaves a considerable proportion of the oil in the cake. 1 his is the 
method usually practised in this country. Ihe other method, 
which is usu.ally practi ed in I'.ngland, is to roll the entire seed with¬ 
out sejiarating the hull from the kernel and otherwise tieat them 
as above stated. This gives an inferior iiuality of oil, because the 
presence of the hulls in the mass while it is being cooked is detri¬ 
mental./ The hulls are about half of the mass. 

“ 1 'have discovered that by introducing a proper, limited pro¬ 
portion of the bran after the mass of kernels is cooked a huger )ield 
of oil is secured without in any w;iy diminishing the (luality. In the 
first method described alrove it is a rare exception for the cake to 
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retain less than 8 per cent, of the oil, while it frequently runs as high 
as 15 to 18 per cent., and the general average by this process in mills 
in the United States at the present lime is about i2.‘, per cent. I 
have never found more than 8 per cent, of oil left in the cake by my 
])roccss. 1 have found it to run as low as 6.4 ])er cent., and believe 
that under more suitable conditions the test will not exceed more 
than 5 ])erccnt. of oil left in the cake. In my process 1 hull the seed, 
sc])arate the kernels as in the first i)rocess above slated, and then 
cither add and mix in the cottonseed-bran before or after rolling 
and before cooking or add and mix in the bran in the heater when 
the meats are almost or (juite cewked. 

“The first of these processes is the more convenient and [)ref- 
erable when the (luality of oil is not of so much importance, but 
the second, where the bran is added after the cooking is nearly or 
(|uite complete, gives a better (]uality of oil, for the coloring matter 
in the cottonseed-bran is not then cooked or steamed out, nor is it 
liberated in the oil by pressure, as is very apt to be the case when 
the bran is added before cooking. When the kernels are «ioked 
and the mass is about to be carried into the former, 1 add to* the • 
mass of kernels cottonseed-bran to the amount of about 10 per 
cent, by weight, and thoroughly mix the br^in throughout the mass 
of kernels. This reejuires only a few moments, and before the ker¬ 
nels have time to ])roduce any effect on the character of the oil I 
remove the mass from the heater and form it into cakes and ]>ress 
it, as before explained. I obtain thereby, with no more pressure 
than is usually applied, about i.J per cent, more of oil, and the oil 
is of as good a quality as by the present process. Another advan¬ 
tage of my method, however, is that the bran gives a greater con¬ 
sistency to the cake than when only the kernels are used. The 
result is that when jmessure is applieil there is not the same strain 
upon the press-cloths and these are less rapidly destroyed. Furlher- 
morc, I am enabled to use higher pressure than economy of press- 
cloths at present admits of, and therefore obtain a larger^increa.sc 
in the oil than above stated. 

“ While I do not limit my.self to any theory upon which to explain 
this operation, 1 believe the fact to be that the larger yield of oil is 
due to the increased porosity of the cake, which results from mixing 
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the bnin with the kernels. In the second or English metluKl above 
explained there is an increased porosity, but the bran itself absorbs 
and retains a considerable (juantity of oil. With as much as 50 oer 
cent, of bnin present in the mass the absorption by the bran olTsets 
the advantage which would otherwise arise from increased porosity 
in the mass; but in limiting the quantity of bran an incretised yield 
s obtiiined, and by ttdding the bran just before the mass is removed 
from the heater to the former the deterioration of the oil is pre¬ 
vented. 

“ The quantity of cottonseed-bran which I must use runs' from 
2 \ to 30 per cent. A larger quantity than 30 per cent, offsets the 
advantage’ of using bran by its own absorption of oil, and a smaller 
quantity than 2 ', per cent, produces no apprecialtle increase in the 
yield of oil; but, while stating these limits within which my process 
is praiticable, as a matter of fact 1 find it generally desiralile to 
use about 10 per cent., as stated. I do not wish to limit myself 
to this jiroiiortton because the conditions existing at various seasons 
and at >lifferent jioints of manufacturi—as, for instance, the relative 
■prieg of oil and take, the use to which the oil and cake are to be 
put, and the market demand—vary so much from time to time and 
place to place that it mjy be desirable to depart somewhat widely 
from the to per cent, which I prefer to use. 

“ Cottonseed-bran is the d;irk, solid portion of the hull of the 
cottonseed from which the short cotton fibre has been removed 
and is already ujion the market as an article of commerce. 

“ I do not in those claims in which no percentage of cottonseed- 
bran is definitely stated limit myself to the preferred percentage 
,of 10 per cent, thereof, as such percentage is not necessary, and my 
invention includes the use of the bran within the broader propor¬ 
tions hereinbefore stated.” 

Use of Press-cloth.—The cloths used for inclosing the cooked 
meats is of closely woven camels’ hair. Their deterioration in use 
is no small item of expense in oil-mill o])eration. Their cost per 
ton of seed- when the latter are treated under the bcA conditions 
•should not e.xceed ten cents, but this figure is often doubled. The 
life of ]iress-cloth is determined by the quality of the seed, the effi¬ 
ciency of cooking and the c;ire used in applying pressure to the 
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press. Unevenly formed cakes are destructive of cloths, inasmuch 
as they cause the cake to “creep” in the press. The deleterious 
influence affecting the cloth is moisture. This factor comes into 
first consideration with the seed. Insufficiently cooked meats, 
whereby an undue amount of water is allowed to remain, are the 
chief source of injury to press-cloths. Prime cottonseed arc least 
injurious. Off seed, such as half-ripe and unripe seed, that are- 
abundant at the beginning of the oil-mill season, and frost-bitten 
and heated seed, work the greatest injury through carelessness in 
expelling the excessive moisture in the heaters. Under-cooked 
meats under ap[)lication of pressure resist the separation of oil with 
such tenacity that the press-cloth yields instead. Water-balls, the 
formation of which is described in the section devoted to cooking 
meats, likewise rupture the cloth, through the resistance to pressure 
of the uncooked meats in their interior. Sudden ai)plication of 
pressure to the press by too rapidly running it u]) when filled, ru])- 
tures the cloth. By the use of automatic “change” valves, high 
pressure is applied at a point just below that at which the o'! freely 
flows. It should be applied very slowly, for which automatic arrange¬ 
ment is made at the high-pressure ])ump, whereby at the time of 
change from low to high [jressure steam is, admitted very gradually 
to the pumj); the limit to maximum pressure is also automatically 
controlled. With the improved devices for controlling tlie pressure, 
the li )ss of press-cloth continues almost entirely from improper 
treatment of the seed during heating. 

The deterioration to which [iress-cloths or mats arc subjected 
has directed much ingenuity to their improvement whereby they 
mav be enabled better to withsUuid high jiressure without ru|)ture 
and without allowing meal to pa.ss through the cloth. .\ recent 
jjalent by Werk * relating to improvements in pres.s-cloth contains 
much information as to this important aspect of oil-mill work. 

“In the manufacture of mats for oil-presses it is desirable to 
use animal hair, because such a cloth or mat gives a cleanar oil than 
mats made of fibrous or other materials, and this is due to the fact 
that the oil when ex[)res.secl from the material goes through the cloth* 
or mat and is not forced out at the sides, where there is nothing to 

•K F. Wcik, .N'ew (Jrlcan-., La. LcUlts |i.in-nt 758,572; April 26, 1904. 
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prevent the loose meals from washing out with the oil. Mats made 
of animal hair are also superior, owing to the absence of sediment 



in live oil, which when present in the prodvicl requires to be elimi¬ 
nated Iry the jirocess of lillralion. Besides this objection the pres¬ 
ence of sediment serves to deteriorate th.e (luality of the oil, to reduce 
the (luantity of oil as the' net result of the pressure and the iillration, 
and the settling-tanks re((uire frcxpient cleaning, and, linally, the 
residue with the sediment must be repressed or is entirely lost. If 
re-])ressed, the residue ])roduces a dark and inferior (ake. The 
employment of hair mats overcomes these practical objections and 
secures good drainage facilities for the passage and escape of the 
oil; but in this ])resent invention it is aimed to produce a mat of 
• superior durability, owing to the soft tread or cushion wltich is 
afforded by soft weft-threads for the comparatively hard or coarse 
warp-threads in the body of the mat. 

“The present invention contemirlates an oil-press mat or cloth 
consisting of warp-lhreacls and weft-threads, said warp-threads 
being compiosed of hard, still, coarse, and long animal hair and the 
wcfl-threacts consisting of hard, .still, coarse, and long animal hair 
‘ mixed with soft, pliable, and long animal hair, the said warp-threads 
being greatly in excess per s(iuare inch of the weft-threads and in 
such close proximity to each other as to cover and protect the weft- 
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threads, the warp-threads forming the selvage consisting of soft 
pliable hair. 

“Reference is to be had to the accomi)anying drawings, in which 
similar characters of reference indicate corresjionding parts in both 
the figures. 

“Fig. 42 is a plan view of a portion of an oil-press cloth or mat 
constructed in accordance with the jirescnt invenlii'n, and Fig. 43 is 
a sectional elevation of the same in the plane of the dotted line 2 2 of 
Fig. 42. 

“The mat or cloth shown by the drawings consists of a plural¬ 
ity of longitudinal warj) threads or strands .1 in the main or body 
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portion thereof, a projicr number of longitudinal warp-tlwcads B 
at the selvage, and the weft-threads C, arranged to extend trans-’ 
versely across the body and sehage warp-threads and interlaced or 
interwoven therewith in a manner for the weft-threads to be en¬ 
tirely concealed and [irolected by the warji-threads. 

“I’revious to weaving the war|)- and weft-threads for the pro¬ 
duction of the fabric or mat the threads or strands are prepared bv 
selecting the proper kind of hair and twisting the .same together in a 
manner to jiroduce the threads or strands of proper size. The warj)- 
threads in the body or main portion of the mat are marie of animal 
hair which is long, hard, stiff, and coarse, and hair of this charactei; 
having a thick and coarse filament is woven together to jiroduce a 
strand of the projier length and thickness. The strands forming 
the weft-threads are made of two kinds of long animal hair—first, 
hair which is hard, stiff, and coarse, and, second, hair which is soft 
and pliable. 

“It will be understood that in spinning the threads which are 
employed to produce the weft of the mat or cloth hair of mediuni 
texture is .selected. As hair of this character is not readily obtain¬ 
able, it is preferred to mix long strands of hard hair with similar 
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strands of soft hair, and thereby produce, in the technical jjhrase- 
ology of hair manufacturers, a product known as a ‘medium’ grade 
of hair. Ihe threads having been properly intertwined to jiroduec 
the weft-strands, the latter are em]>loyed in the manufacture of the 
mat so as to be interwoven with the warp strands in the body and 
the selvage (jf the faltric. 

“The warp-threads A in the body and the sebage warp-lhreads 
B arc arranged alongside one another in iiarallel relation, while the 
Weft-threads C extend across the warp-threads of the body an<l the 
selvage, so as to be lovi red thereby. The warp-threads in the body 
and the selvage of the doth are from one to eight times in e\( ess 
per .sijuare inch of the weft-threads in order to distribute the |ires- 
sure of said warp-threads more e\enly over the weft-threads. These 
weft-threads are from two to three tin.es thideer than the warp- 
threads, and this is desirable because the weft-threads of increased 
thickness secure a more yielding and cushioning effect for the war|)- 
threads. 

“ItMs obdoiis that the employment of warp-threads which are 
"as thick as the weft-thri'ads will serve to concentrate the pressure 
at the points where the warp and weft intersect each other; but Ijv 
the Use of an inereasecNnumber of warp-threads a corresponding 
increase in the points of engagement of the two threads is secured, 
therc'by reducing the jiressure which the weft-threads are called 
upon to sustain. 

“'['he warp-threads B at the selvage are composed of long, soft, 
and pliable animal hair, the same being twisted together in order 
to secttre strands which are more jcliable than the warp-threads 
,em|)loyecl in the body of the mat or fabric. 

“The use of wari>-threacls in the body of the mat hacing the 
peculiar characteristics hereinbefore described sec tires increased 
strength and durability in that portion of the cloth or mat which is 
most exposed to the pressure of the meats and the pre.ss-plates, and 
by weaving the cloth with the waqis lying close together, so as to 
leave no si»uce between adjacent xvaqts, the meats are jerevented 
•from passing between the xvarps and coming in contact with the 
weft-threads, thus reducing the shearing strain of the meats upon 
the weft-threads and preventing the mat from splitting in a longi- 
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tudinal direction. The employment of selvage threads or strands 
made of soft hair at the edges of the mat minimizes the tendency of 
the mat to gic’e way at the selvage, esjjecially when the body of the 
mat is made of warp-threads which are comparatively harsh and 
coarse. 

“The im])roved mat possesses all the desirable drainage [)rop- 
crtics which accrue from the use of animal hair, and at the same 
time it overcomes the objection so frc(|uently encountered in break¬ 
ing or. shearing in the direction of its length tend at the body [jortion 
thereof, owing to the greater strain at tlie middle of the body when 
the press is closed. 

‘'.\nolher advantage of the ini])ro\e(l mat is that it may be folded 
longitudinally at any line either along the middle' or side portions 
thereof. 'I'his folding of the mat can be :ie(()m|)lished without 
breaking or straining the same, owing to the longitudinal and paral¬ 
lel tirrangement of the war]>-sirands and the em|)loyment of weft- 
strands, which are comparatively more pliable and fewer in number 
than the waric-stninds.” 

Synopsis of Press-room Work. The following is a syno[)sis of 
mv * ))ress-room work: 

The meal comes into the press room dc'ivvn throtigh the chargers 
into the cookers. The charges are graduated so as to hold just 15 
good full cakes. 

If the meal is good and dry, I siipjcly with live steam just enough 
moisture to make it form good cakes. If f am working ‘'off’meal, 
no moisture is sup])lied, but cookers are ventilated .so thiit e\cess 
of moisture is evaporated. 

I think much depends on meal being of just the right consist-* 
ency—not too wet nor too dry. 

I have two 52-in. cookers, with two svveejes each traveling 75 
revoltitions per minute. Tight ball-breakers are .sus])ended through 
top of cooker to within cme inch of sweeps. When working good 
meal T earn* a steam-jiressure of from 5(5-60 lbs. on thk cookers. 

I regulate this with a reducing-valve and keep the stetim dry by 
using a ste;im-trap which automatically di.scharges the condensa-’ 


* “ Super" in Oil-mill Gdzeker, 
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tion. If meal is ‘‘off” I use higher pressure or more heat, aeeording 
to the (piality of meal. 

1 cook (one pressing at a time) from 12 to 20 minutes, usually 
making a “change” every 15 minutes, allowing 5 minutes to load 
and unload press; thus retaining a j)ressure of _tooo Ihs. per si|uare 
inch or (too tons [)er lOdn. ram for 10 minutes. NTn eake will a\er- 
age about 12 lbs. each. Fi\e or six pressings are put on a pair of 
trucks, weighed and carried to the adjciining meal-room and slacked 
to ‘'dry out.'’ 'I'he oil is carried from the two presses through pi|)es 
to the settling-tank underneath, and from there pumped to the stor¬ 
age-tanks. 

I'liis completes the press-room, whic h is all done In three men. 
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COTTONSEED in<ODUCTS. 

Characteristics of Cottonsced-oil. ColorinK-maltcr of Cottonseed-oil. Tintom¬ 
eter. Crude Cottonseed-oil The Filter-press Harrels and Tank- 
cars. Crude Oil from Press to Shippinf'-tank Determination of Free 
.Acidity in Cottonsecd-oil. Refinin[;-test of Crude Cotton.seed-oil. Commer¬ 
cial (ira<linf; of Soda-ash and Caustic Soda. Causticization of Soda-ash 
Description of Caustici/.ing Plant. Procedure of Causticization. 

Characteristics of Cottonseed-oil. —Revond the fact that fats 
and oils arc mixtures of different glycerides in varying proportions, 
in which, in the solid fat, stearin or palmitin jtredominhtct and in 
the liquid fat, olein, there is no .shaqj distinction in use between 
the terms. The terms as commonly used have reference more 
to physical consistency at ordinary temperature than to chemical 
constitution. .\ fat li(|uid at ordinary temperature receives the 
appellation, oil, and with oils of present commercial im])ortance 
the characteristic constituent is the glyceride olein. These bodies 
arc mixtures of dilTerenl glycerides of different melting-])oints. 
Those termed oils we may regard as solutions of solid glycerides 
in a menstruum of liquid glycerides, which on reduction of tem]rer- 
ature separate more or less coni])lelely. .Advantage is taken of this 
characteristic to [)rc])are the stearins of commerce. 

Cottonseed-oil, like till animal and vegetable fats ;ind oils, is, 
therefore, :i mixture of different glycerides of different chemical 
and jthysical pro[)erties, which in the aggregate form the ch.arach 
terislics of the oil itself. It is evident that by removing any of the 
ingredients of the oil, the oil is to that degree modilted. 

Oil of vegetable origin is obtained (hielly from the seed’ in 
which it is present as minute drops within the cells forming the ‘ 
embryo. Its function is that of a reserve food-supplv to be used 

9H 



coTro\sF.r:n-oiL. 


99 


by the embryo during the earl_\ stages of gern'ination and before sufii- 
ciently developed to absorl) nutriment from tlie soil and air. The 
proportion in which it oeeurs in plants is iinerselv to the starch 
content, which body is reserved by the plant economy for the same 
pur])ose as the oil, and ranges from ;i |)er(ent. in the edible portion 
of pecans to about 2 per lent, in barley. 'Fhe oil as exjiressed from 
the embryo conttiins in solution tind suspension numerous com¬ 
plex ttnd unstttble nitrogenous (om]Kntnds which vary in amount 
according to the temperature of exjiression. Cold-pressed oils arc 
very light in color. The removal of this extractive matter from 
the oil constitutes the work of reftning. The decomjiosition of the 
oil is coexistent with its formation. 'Fhe formation of free fatty 
acids begins in the seed and, after the e.x])ression of the oil, is 
accelerated by any delay in separating the accomitanying nitrogen¬ 
ous substances. 

Cottonsei(i oil belongs to the ikiss of oils termed ‘‘semi-drying,” 
being intermediate, in the readiness xvith which it absorbs oxygen 
jactween Vdrying ” oils, like linseed, and ‘‘ non-drying” oils, like olive. 
This'property resides in the preseiue of glycerides of unsalurated 
fatty acids, such as (h;iracteri/.e linseed-oil. In addition to the pre¬ 
dominant and characteristic glyceride olein, the glycerides, stearin, 
and palmitin, which form the “cotton ecd-oil .stearin” obtained in 
the preparation of winter oils, and the glycerides of unsaturated and 
hydro.xy-acids, which impart to a greater or le.ss degree the proper¬ 
ties of drying oils, cottonseed-oil may contain according to its degree 
of jcurity varying amounts of the natural coloring-matter of the 
seed, together with romple.x and unstable nitrogenous compounds, 
and vary’ing amounts of glycerides in different stages of decompo¬ 
sition. 

As a result of the general and increasing use of cottonseed-oil 
for edible purposes there h;is arisen a voluminous liteiature devoted 
to the study of its jcrojicrties and of its detection in products in 
which the occurrence of the oil is suspected. A study of these 
methods lies within the jtrovince of food analysis, with which the 
manufacturer of cotton.seed-oil as a producer of a pure product has 
no direct interest. 

The spccilic gravity of cottonseed-oil depends upon its purity, 
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temperature, and the ])roportion of solid glycerides present. The 
specific gravity diminishes as the purity increases and as the solid 
glycerides arc remo\ed. It may vitry from 0.930 at 15° C. for crude 
oil to 0.9218 at 15° C. for summer while oil. 'I'lie expansion of oil 
with increasing temperature is taken into practical consideration, 
under the rules governing transactions in cottonseed products,* for 
the determination of the number of gallons of oil from the weight at 
different temi)eratures. 

The mean absolute coefficient of expansion for fats and oils, 
for 1° as determined by experiment, is almost e.xactly o.oooS.t In 
Table 8, Bull. 13, Div. of Chem., U. S. Dept, of Agr., is given the 
specific gravity of refined oil at different temperatures. 

While cottonseed-oil is lluid at ordinary tem].)erature, the fatly 
acids of the oil melt only at from 35° to 40° C. (95° to 122° I'ahr.). 
The decomposition of the oil b_v the digester and Twiichell processes, 
as employed in the manufacture of candle material, wliereljy fatty 
acids are liberated and glycerol set free, permits the use of the oil 
for purjioses for which in the natural state it would be uiTmTi'd.- 

Coloring-matter of Cottonseed-oil.—The color of coltorfseed- 
oil arises from the presence of varcing amounts of coloring-matter 
expressed from the seed with the oil. Tliis coloring-matter is pres¬ 
ent in the seed in the brownish glands easily observed with the 
naked eye on cutting a section of tlie seed. On subjecting crude 
oil to the sul])huric-acid bleaching process, the coloring-matter is 
destroyed llirougli the deliydraling action of the acid. The use 
of mineral dehydrating and oxidizing agents is, liowever, not [cer- 
missible in oils intended for eclilcle |)ur])oses. The removal of the 
coloring-matter introcluced into the oil from the seed without impain- 
ing the cjuality of the oil for eclilcle juirposes is the task set before 
the reliner. J. Longmore.t in an examination of the unoxidi/.ed 
coloring-matter of the crude oil, slates thccl it is a ])ungent golden- 
yellow jcowder slightly soluble in water, insoluble in acids but solu¬ 
ble in alcohol and alkaline solutions, and jcrecipitating from the 
latter on the addition of acids. This suijslance is of no commer¬ 
cial value. It is estimated J to be present to the extent of 13 jiouncls 

* Sre Kvil« s, Imcrst.Uc Cottonseed Cruslu r-.’ .\sso( i.illon. 

t Hull, f), OlTite r.xp. Sl.i , C. S Oejit. of A^r. 

J Hull l>i\ of ( lu III , r. S I)(])i. of A^r. 
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TABLE S—SPECniC ('.RAVIIY OE KJ.FINED COTTONSEED-C)II, AT 
DIM'ICRICN'T TICMl’ICK XTERES. 
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per ton of crude oil. 'I'liih [iro|)(>rlion, however, must vary con- 
• siclerably. 

Tintometer.—The determination of color of refined oils is an 
important consideration in their classification and gradinje. The 
Interstate Cottonseed Crushers’ Association recommend for this 
purpose the use of the Lovibond tintometer, and in accordance with 
the arbitrary color scale of this instrument declare that prime sum¬ 
mer yellow oil shall have no deeper color than 35 yellow and 7.1 red. 
^ The color e.xamination is made as follows: 

The oil is placed in a colorless four-ounce sample bottle; the 
depth of the oil in the bottle shall be 5^ inches. The bottle shaU 
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be placed in a tintometer, which is protected from any light except 
reflected white light, and the reading made at a temperature of 
about 70° Fahr. If the oil is of a deeper color than the glass stand¬ 
ard, 35 yellow' and 7.1 red, it shall not be prime. 

The tintometer was devised some years ago by J. W. Lovibond, 
of Salisbur}', England, for the purpose of measuring and recording 
the colors of liquids and solids. 

Any one, unless color-blind, can use the instrument with accuracy. 

The tintometer consists of a simple apparatus for holding the 
object under examination and the standard color glasses. 

These standard glasses consist of three scales—red, yellow', and 
blue—and are numbered according to their depth of color. All 
possible shades and combinations of color c an be matched by com¬ 
binations of red, yellow, and blue, and it can readily be understood 
that the character and depth of color of any liquid or solid can be 
measured in the tintometer by simply matching the color of the 
object under examination with the appropriate glasses. 

Each of these colored scales, as said above, consist^ a large 
number of glass slips of different depths of the same color, narnely, 
either blue, red, or yellow, as the case may be. Each scale grades 
from the very lightest shade to the darkest. 

The intervals between the units or main divisions of the scales 
are equal and may be considered as the smallest difference in the 
deeper shades which the normal eye can observe. In the lighter 
shades of each scale the unit divisions arc divided into tenths and 
hundredths as the discriminating power of the eye is here increased. 

The actual dimensions of the color unit are arbitrary, but this is 
of no importance, as the divisions of the scales are equal and equiv¬ 
alent and serve admirably for practical work. The tintometer scales 
are not more arbitrary than any other measurement standard, and, 
what is important, do not change. 

The colors are stable and do not fade, and it is satisfactory to 
know that a standard glass in use to-day will be of the same color 
depth to-morrow or ten years hence and can be relied upon. 

Again, if all the glass standards in use were destroyed, new scales 
exactly corresponding to the original scales could be prepared. 
For instance, if a stable freshly prepared chemical solution of known 
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percentage has once been accurately measured by the standard 
glasses and recorded in color units, that record could always be 
used as a basis of testing the validity of a unit or used as the basis 
for the construction of an entire new scale which would exactly 
duplicate the original. 

The tintometer color standard for [)rime summer yellow cotton¬ 
seed-oil, adopted by the Interstate Cottonseed Crushers’ Associa¬ 
tion, is not a new standard for the grading of oil, but simply the 
adoption of an accurate method for recording the present standard. 

As there is no blue in the color composition of prime summer 
yellf)W only glasses from the yellow and red scales are used for this 
standard. The standard adopted as the deepest color which 5^ 
inches of refined cottonseed-oil could exhibit and still be of prime 
color, consists of 35 yellow units on the yellow scale combined with 
7.1 red units on the red scale. 

It will no doubt be surprising to some to learn that prime oil 
has so much red in its color composition, but it is a fact which is 
demonstrated by the use of the tintometer. Even the choicest 
white oil has some red in its color composition. 

The apparatus for holding the bottle of cottonseed-oil and the 
standard prime summer ^’ellow glasses consists of a box about 14 to 
16 inches long with a cross-section of about 2X4 inches. 

At one end is a suitable arrangement for holding the bottle and 
the colored slips of glass. At the other end arc peep-holes for the 
eyes. Across the interior of the box is a diaphragnr containing 
two round holes so arranged that one covers the mouth of the bottle 
and the other is over the color glass. 

When examining the color of an oil the instrument is held ver¬ 
tically over a sheet of while paper or porcelain which reflects white 
light up through the column of oil and up through the standard 
glass to the eyes. The head is held close to the upper end of the 
instrument and two bright round discs of color arc seen, one of 
which is the oil, the other glass. With a little practice the eyes can 
note the slightest differences of color. 

Cottonseed Products—Crude Cottonseed-oil. —^The crude oil as 
it flows from the press is thickly fluid and of varying color, ranging 
from reddish-brown to black. It is contaminated with water, 
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the native moisture of the seed not expelled in cooking, and varying 
proportions of albuminous and coloring-matter residing in the seed, 
to the character and amount of which the color of the crude oil is 
due. The color of the crude oil, aside from refining tests, is the 
most valuable index of its quality. The properties of crude oil are 
determined by the character of the seed and the thoroughness of 
the cooking process. If the seed have been allowed to heat, or fer¬ 
ment, in storage, the color of the resulting oil is invari.ably affected, 
the degree of injury in this respect varying with the degree of change 
the seed have undergone, whether the fermentation has been slight 
or of short duration or advanced to the degree styled “rotten.” 
Hasty or insufficient cooking likewise h.as its deleterious effect 
upon the color of the oil. Odor and flavor of the crude oil are valu¬ 
able indices of the condition of the seed. 

The value of crude oil is determined by the proportion of refined 
oil it will produce. Thi-. depends upon the amount of albuminous 
matter remaining after settling and upon the degree of decompo¬ 
sition the oil has undergone. I'he relation of color, amount of 
albuminous matter present, degree of decomposition, and' y^ekl on 
refining arc often contradictory and jiuzzling. The loss on refin¬ 
ing is the important consideration in the judgment of crude oil and 
is one to which the other characteristics contribute. If the loss 
on refining and the quality of the resulting oil depended solely upon 
the degree of decomposition of the oil, the free fatty-acid test 
would suffice for learning the value of the oil. It is the experience 
of oil chemists that frc([uentty a crude oil containing a low percent¬ 
age of free fatty acids will yield an “off” grade of refined oil, and 
vice versa, a crude oil containing a high percentage of free fatty 
acids will yield prime refined oil. To the experienced man the 
flavor and color of the crude oil are ample indices of its value. 
While the free fatty-acid test is not an invariable index of the quality 
of refined oil obtainable, its exclusive use serves to indicate the par¬ 
tial loss on refining and to that extent is helpful. 

The avoidance of decomposition of the neutral glycerides of 
the oil should be of constant concern. Any condition conducive 
to the decom[)Osition of the unstable albuminous matter of the seed 
likewise favors the oxidation of the glycerides with the production 
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of free fatty acids. These conditions may arise at anv time in the 
handling of the seed and arc fa\’ored by the combined presence of 
heat, moisture, and air. The deleterious influence of these three 
factors of decomposition make clear the necessity of their rapid elim¬ 
ination not only from the seed themselves, but from the crude oil 
as well. Hence crude oil should not be allowed to remain long in 
contact with “foots,” and, although free from “foots,” with water 
or air, or both. 

The comprehensive and true test of the value of crude oil con¬ 
sists of that i)rocess which will indicate the combined loss of moisture, 
free fatty acids, and albuminous and coloring matter. This is the 
refining test. 

('nide cottonseed-oil is divided into three general grades, viz., 
prime, choice, and off. According to the rules gocerning trans¬ 
actions in cottonseed products, the three grades are defined as 
follows: 

Crude cottonseed-oil to ])ass as ])rime must be made from sound 
decorticated seed; must be sweet in llavor and odor, free from 
water and settlings, and must produce prime summer yellow grade 
with the use of caustic soda by the best refining methods, with a 
loss in weight not exceeding 9 per cent., provided any oil that refines 
with a greater loss than 9 jrer cent., but still makes prime summer 
yellow grade, shall not be rejected, but shall be reduced in price by 
a corresponding per cent, of the contract price of the oil. 

Choice crude oil must be made from sound decorticated seed, 
must be sweet in flavor and odor, free from water and settlings, and 
shall prcKluce, when projjcrly refined, choice summer yellow oil at 
a loss in weight not exceeding 6 p -r cent, for Texas oil and 7 per 
cent, for oil from other parts of the country. 

Oil neither choice nor prime shall be called “Off” oil, and should 
be sold by sample. 

The yield of crude oil per ton of seed is a variable factor, depend¬ 
ing, as has been stated, upon geographical and climatic conditions, 
as regards.the cotton-plant, and upon the care used in the manipu¬ 
lation of the seed; thus there are diverse and numerous inlluenccs 
affecting the yield. By reference to Table 3, the average yield of 
oil by States in the cotton-growing section, and for the entire sec- 
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tion, is given. While there may be numerous instances of higher 
yields in particular cases, the figures staled have the merit of a 
general, close approximation to accuracy for the entire territory. 
The yield of 37.6 gallons (282.7 lbs.) is the average of yields, by 
States, that range from 35.3 gallons in the Indian Territory to 40.8 
gallons in North Carolina. American seed yields a clearer oil than 
the Egyptian or Indian seed, and the uplands seed produces a clearer 
oil than that from our scacoast. The oil made in Great Britain 
is not so clear as ours, first, because the seed is mostly Egyptian 
or Indian, and secondly, because it has not been decorticated. The 
climate has much to do with the quality of the oil. In some years, 
owing to more favorable weather conditions, the oil obtained from 
the seed grown in the western section of the cotton belt is belter 
than that grown in the eastern section, while in other years it is just 
the reverse. It has been observed at cottonseed-oil mills that in 
general seed in a wet season contains more oil of poorer quality 
than in a dry season, but little is known of the change in its com¬ 
position due to different conditions. 

The crude oil as it flows from the press is pumped to the stor¬ 
age-tank. As stated before, among the requirements for prime 
crude is freedom from water and settlings. These separate on 
standing in the storage-tank and the supernatant, settled oil is 
racked or pumped off as required. This mode of handling the 
oil in the crude-oil mills was general until a comparatively recent 
date. This method of separation was a fertile source of trouble, 
not alone in deterioration of the oil from prolonged standing in 
contact with moisture and settlings, which invariably injures the 
oil, but in frequent mixing of the settlings with the crude oil when 
taken off. The use of the filter-press in the handling of the crude 
oil has greatly facilitated the process in that the (luality of the crude 
has been improved and the handling of the troublesome “foots,” 
or settlings, made easier. With the use of the filler-press the crude 
oil is handled after the following manner: Two tanks of about 
100 barrels capacity are provided. The fresh oil from the press is 
allowed to flow into one until filled, when the oil is turned into the 
second tank and the filtration of oil in the first tank started, the 
filtered oil being discharged into the storage-tank. When the second 
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tank is filled, the first tank is empty and again ready for fresh oil. 
When the filler-press is filled, it is opened and cleaned. 

The solid matter, consisting of meal which under the old system 
would have remained cither in suspension or precipitated to form 
part of the foots, in cither case a fertile source of deterioration to 
the oil, is returned to the meal-bin to be re-cooked and worked over 
with fresh material. Filtered crude, being thus free from ail par¬ 
ticles of the non-olcaginous portion of the seed which in their decom¬ 
position impair the (juality of the oil, retains its sweetness and purity 
for a long lime. Moreover, as a result of a few hours’ use of the 
press, the oil is obtained in Ijettcr condition than could be obtained 
by the old system of sedimentation, the time-saving being con¬ 
siderable. In pumping oil from the storage-tank to tank-cars or 
to barrels, frequent observations should be made during the dis¬ 
charge to insure uniformity of quality and particularly that the 
oil is clear. 

The Filter-press.—The modern filter-press. Fig. 44, represents 
the,old bag filter in a multiplied and more highly clTicient form and 
is 4in indispensable medium for the clarification of oil. In cotton- 
seed-oil refining it is used for the separation of suspended impurities 
of crude oil, and for thc> separation of fullers’ earth used in the decol- 
orizalion of refined oil. It consists essentially of a number of cast- 
iron plates, grooved in various ways to facilitate the egress of the oil 
through the filtering medium, which may be either cloth or paper 
according to the material filtered and the pressure with which it is 
forced through. Closely woven duck is used for cottonseed-oil. 
The plates are provided with an opening which may be in either 
the centre, circumference, or comer according as the plates are cir¬ 
cular or square; also an outlet for the discharge of the filtrate, which 
likewise may be variously located. The plates arc covered with 
cloth hanging loosely over it but made tight around the opening 
previously mentioned by means of a hollow flanged screw. The 
plates thus prepared are set in the frame of the press which sup¬ 
ports them by means of lugs on either side of each plate, and the 
whole tightened, with the result that there is formed a series of cloth- 
lined filtering chambers for the deposition of sohd matter in layers 
or cakes. The oil is pumped into the press and into each chamber 
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through the opening in the phite and cloth and finds egress through 
the outlet in each plate. 

As filtration takes jilace on both sides of each filtering chamber, 
the deposit forming the cake is built uii gradually, which in so doing 
increases the depth of the filtering medium, until it meets in the 
middle. .At this stage filtration is retarded by the quantity of solid 
matter in the chambers and when completely filled filtration ceases. 



Fin. 44.—Thirty-incli Fittcr-prcbi with Thirty-six Plates. 


The residual oil in the cake may be blown out with either steam 
or comjiressed air. These ])ortions should be returned to the crude 
tank. The efi'iciency of a filter-jiress depends upon the construc¬ 
tion of the plate (Fig. 45]; its capacity depends upon the dimensions 
of the plate, whic h may vary from 18 to qO inches square with sejuare 
plates and from 18 to 36 inches diameter witli round plates, and 
uiion the number of jilates which is determined by th" amount and 
character of the material to be filtered. The thickness of the cake 
may be increased within jiracticable limits by the insertion of frames 
(Fig. 46). The switch-cock and double gutter shown in'F'ig. 47 arc 
a very useful arrangement for separating jiress washings from the 
clear filtrate. In case of an accident to the cloth while the press is 
in operation, the turbid filtrate from any chamber can be returned 
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I'li;. 46. -Fiitcr-iire^s Frame. 

The use of the filter-press for removing suspended matter from 
fresh crude od, with the necessary connections and relative location 
of’tanks and press, is shown in I'ig. 4S. 
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A 24-inch press is located on a platform above the crude- and 
filtcred-oil tanks, the former of which receives the fresh oil directly 
from the hydraulic press. The pump receives the crude oil from 



Fig. 47.—Switch-cock and Double Gutter. 



Fig. 48.—Filter-press Plant for Crude Cuttonseetl-oil. 


the crude tank and forces it through the i)ipc D to the press 
The gauge and air-chamber N are connected to the head of th( 
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press; to this is screwed the relief valve M. Below this the 
tee p is connected to receive the steam- or air-supply for blowing 
out the press. Below this comes the check-valve B, then the 
union connecting pipe D leading to the discharge-pipe or the 
pump. Where the press is ctiuipped with switch-cocks and double 
gutter, the wide portion of the gutter K, which takes the filtered 
oil, should be connected to the filtered-oil tank through pipe G, and 
the other portion of the gutter should be connected by pipe E to 
the crude tank. The drip-pan of the press should be connected by 
pipe F to the crude pipe A. 

When the chambers are filled with solid matter, filtration ceases, 
relief valve M opens and returns the crude oil to the crude tank. 
This stage is indicated in advance by the reduced filtrate and 
increased pressure on the gauge. The press is now steamed or 
blown out, the washings being returned to the crude tank. The 
nuts on the side screws are then loosened and the blocks L taken 
off. A man on each side of the press shoves back and loosens 
each cake, which drops in the pan beneath the press. After 
removing the cake the press is tightened up and is again ready for 
use. 

Barrels and Tank-ckrs.—The penetrative power of cottonseed- 
oil and the readiness with which the refined oil absorbs odors and 
becomes tainted require that all packages containing it be thor¬ 
oughly clean and absolutely tight. In former years second-hand 
barrels, chiefly from the linseed-oil and petroleum industries, were 
commonly used, with the result that much dissatisfaction was created 
by deterioration of flavor of the oil by contact with imperfectly 
cleaned barrels. Rules governing transactions in cottonseed prod¬ 
ucts now re(iuirc that barrels for refined oil must be good, new, 
hard-wood iron-l)ound barrels or thoroughly cleaned refined cotton- 
oil barrels painted or varnished, and must be delivered in good 
.shipping order. The requirements of barrels for crude oil are 
not so stringent. It is re(|uired that barrels for crude oil shall be 
good, netv, iron-bound barrels, properly silicated, or thoroughly 
steamed and cleaned refined-petroleum barrels. 

The specifications for a cottonseed-oil barrel demand that it 
^ shall be made of hard wood, usually oak, thoroughly seasoned and 
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provided with at least six heavy iron hoops fitted perfectly tight. 
For the prevention of leaks, the barrels are coated on the inside 
with silicate-of-soda solution. 

Tank-cars were originally used for transporting petroleum. 
The superior economy of their use in shipping large (juantitics of 
similar material was soon recognized and they are now generally 
employed for linseed-oil, cottonseed-oil, molasses, tallow, lard, etc. 
For cottonseed-oil, they arc commonly used for transporting crude 
oil to refineries and refined oil to large consumers. They are pro¬ 
vided with steam-pipes for melting any solidified oil. In shipping 
refined oil in tank-cars the necessity for cleanliness prevails like¬ 
wise as for barrels. 

Crude Oil from Press to Shipping-tank.*— Crude oil as it comes 
from the jiress has more or less meal, lint, and other substances in 
it, according as to the manner in which the meal has been cooked 
and the jiresses worked. 

Lea\ing all the imjmrities in the oil would produce sour and 
rancid oil, off in (|uality, color, and llavor, and such oil could, not 
be stored. 'J'o remoce these im])urities from the oil we should use 
a filter-press, or have -ome way to settle the oil thoroughly. 

.\ hlter-press is decidedly the best, as it \akes out ;dl impurities, 
producing a clean, clear oil, and this will kee]) in storage-tanks a long 
time without losing its good grade. 

Oil can be settled by htiving a large trough ccr series oh troughs 
back of the jiresses running the oil btick and forth, with a jcitch so 
as to let oil run very slowly. Place sieves or perforated iron at sev¬ 
eral [daces, decreasing meshes or holes toward end of How. A shtil- 
low and wide trough will be better than a narrow and dee|)onc‘, as oil 
is spread over more surface and will settle better, and the troughs 
will catch the most of your meal. L'se a scoo]) made of [lerforatecl 
iron to remove the metd, cir use a vvcioclen [laddle hollowed out with 
holes drilled i:i it to let the oil [cercolate through. Put the meal in 
buckets ;mcl let it stand until it settles, then [icntr off the oil ;ind press 
the meal over again. Have :i tank large enough for two hours’ run 

* .\ i>a|KT l>v S WumlcrlK h, \\’a<o, 'I exits, and S J. I)iike, )’iitsl)ur^;h, 'I'cxas, 
read bcfiTc Texas CotlonsCT*! Crushers’ Asvh lalion, Slierman, 'I'e.xas, May 27, 28, 
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to run oil in from trough, and pump same out every two hours; in 
the tank there will be a good deal of meal caught again. Oil tan in 
this way be settled very well, and can be [jumped to storage-tank. 

better way is to have four or live settling-tanks; build a large 
trough above these tanks, say about twenty feet long with about 
eight or ten partitions; pump oil from your tank in back of the 
presses into the first partition so that it will have to travel from one 
to another, and place sieves in same as in back of the presses; from 
here run ;i [lipe nearly down to bottom of tank No. i; have all the 
tanks connected on top running from one to another, so if lank i is 
full it goes on to tank No. 2 and so on to No. 5. When No. 5 gets 
full [)um[) out to the storage-tank. Once every week the storage- 
tanks should be [jumjjcd out; Monday morning would be the best 
time, and you will find that tanks Nos. 2, 3, 4, and 5 never ha\e anv 
tank bottoms or “ foots” in them. \ verv .slow and continuous How of 
oil as long as it is warm will also cause it to settle well. Oil handled 
this way will keep its grade and can be stored a long time. Hy using 
the above [iroccss f have never had any soa[)-stock, “foots” or tank 
bottoms at the end of tlie season. 

Now in regard to oil: good [irime seed should make good prime 
oil; after it is made kee[f it so; kee[) everything around your j)res.ses 
clean; do not allow any waste meal to accumulate around vour 
presses, so that it will sour and afterward be [lUt in with vour good 
meal; work meal and [iresses .so as not to make so much w'aste; 
cleanliness is an absolute necessity around the presses; have all con¬ 
nections from hydraulic [)i[ies and valves tight; do not allow pump- 
oil and oil from rams to get into the good oil; the result would be 
that instead of [irime oil you would have an off grade of oil. 

To load tank-cars, thiyv should be closely inspected; take off 
dome-cap and valve-ca[) to air the tank if it is foul-smelling and 
gummed on the inside; clean the tank thoroughly either by steam 
or hot water; then wi[)e out clean and dry. That is very important 
and should be done in the most thorough manner. 

Determination of Free Fatty Acids in Cottonseed-oil. —The per¬ 
centage of free fatty acids in crude oil is a valuable index of the 
quality of the oil in so far as it serves to indicate the approximate 
loss on refining. It is not to be relied upon as indicating the quality 
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of the refined oil that can be obtained. The free fatty-acid test indi¬ 
cates composition. 

Procedure. —About 5 grams of the sample arc weighed out in a 
wide-mouthed Erlenmeycr flask of 250 cubic centimeters capacity and 
50 cubic centimeters of 95 per cent, neutral alcohol arc added. Insert 
in mouth of flask a stopper bearing a long glass tube to serve as an 
air return-flow condenser, and heat the whole on a water-bath, 
with occasional shaking, for about five minutes. Remoc’e the con¬ 
denser, add phcnolphthalcin as indicator and titrate with semi¬ 
normal caustic soda solution. Calculate the free acidity in terms 
of oleic acid with molecular weight of 282. Phcnolphthalcin is pink 
with alkali and colorless with acid. The color of the sample may 
be so pronounced as to interfere with a close determination of the 
end-point, in which case the alcoholic solution should be diluted, 
either by the direct addition of 95 per cent, neutral alcohol or by 
the use of a less weight of the sam])le. Duplicate determinations 
should be made to insure accuracy. To calculate percentage of 
free fatty acids, multiply the number of cubic centimeters of semi¬ 
normal caustic soda solution used by the value of one cubic centi¬ 
meter of the same solution expressed in terms of oleic acid and 
divide the product by the weight of samide taken. 

According to rules governing transactions in cottonseed products, 
choice crude oil should not test over i per cent, of free fatty 
acids. 

Refining Test of Crude Cottonseed-oil. —The refining test of 
crude oil comprises the saturation of the free fatty acids with an 
excess of caustic soda solution of various densities from 10° to 20° 
B^. and allowing the soap mixed with albuminous and coloring 
matters of the oil to settle and solidify. The clear yellow super¬ 
natant oil is removed by means of a pipette and weighed. The 
difference between the weight of crude oil 'taken and the weight of 
clear oil obtained is the loss on refining and is expressed in per¬ 
centage by dividing by the weight of crude oil taken. The quality 
of the oil may be further determined by subjecting the yellow oil 
obtained as above described to the bleaching test. The bleaching 
test consists in agitating a known weight of the yellow oil in a por¬ 
celain dish with a known weight of fuller’s earth at a tcmjierature 
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not exceeding that allowed in refining summer yellow oil on a prac¬ 
tical scale. The mixture is slowly heated and the fullers’ earth 
stirred in with a thermometer. When the maximum tem])crature, 
viz., 125° to i35°Fahr., is reached, the oil is filtered through filter- 
paper into 4.ounce oil sample bottles and the color and flavor 
observed. Different percentages of fullers’ earth are used on 
different portions of the same sample. In this manner the mini¬ 
mum percentage of earth jiroducing an oil of highest brilliancy is 
ascertained. This jiercentage of earth thus determined, experi¬ 
mentally is Used by the blcaeher. 

Commercial Grading of Soda-ash and Caustic Soda.—The sys¬ 
tem of grading alkali and caustic is based upon the molecular com¬ 
position of these bodies, and the ([uolations of the various grades 
in terms respectively of 48 jier cent, alkali and 60 per cent, caustic is 
a vestigial characteristic of the early Leblanc clays and an evidence 
of the highest grades of those products they were then mechanically 
able to produce. The molecular weight of sodium carbonate, Na^CO,, 
is 106, composed of 62 parts by weight, or 58.49 per cent, of Na,©, 
the remainder being CO,. A soda-ash that contains 58.49 per cent, 
of NajO is therefore chemically pure, this percentage being cciuiva- 
lent to 100 per cent. Na’jCOj. A 58 per cent, alkali should contain 
58 per cent, of NajO or its equivalent, 99.16 per cent. Na,CO,; like¬ 
wise a 48 per cent, alkali should contain 48 per cent. NujO or its 
equivalent, 82 per cent. NajCO,. The reduction of any grade of 
soda to that of 48 per cent, is effected by admixture with common 
salt. There are present for comparison two fairly representative 
analyses of these two standard grades of soda-ash; 

Grade. Per Cent. Na,CO,. Per Cent. NaCl. Per Cent. Na,SO,. 

48% 60.64 28.34 4.35 

58% 98.72 .54 .20 

Grade. Per Cent. NaOH. F.OjAljOjSiOy CaCO,MgCO,. H, 0 . 
48% 1.29 1.12 Traces. 4.26 

58% - .10 .17 .26 

Caustic soda occurs on the market in a variety of grades and 
is sold on the basis of 60 per cent, of NujO. Caustic soda as a 
product of the alkali industry did not arise until thirty years after 
the industry was established in Great Britain, and the expression 
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of its quality in the same terms as that of soda-ash might be expected. 
The molecular weight of caustic soda is 40; to arrive at sodium 
oxide, NajO, as an expression of the customary unit two molecules 
with a total molecular weight of 80 are used. In 2NaOH there 
are 62 parts,or 77^ percent. Na^O, the remainder being HjO. There¬ 
fore a chemically pure caustic soda contains 77^ per cent. Na^O, 
or its equivalent, 100 per cent. NaOH. There is for purpose of 
comparison in the following table the percentage of the essential 
ingredient corresponding to, but never present in, the various 
grades of caustic commonly found in the market; 


Grade 

60-dcgree 
70 “ 

72 “ 

74 “ 

76 “ 

77 “ 

77 i “ 


Ter Cent. NaOH. 
... 77.42 
. .. 90.32 
. . . 92.90 
... 95.48 
.. . 98.06 

99-35 
... 100.00 


Sodium chloride, sodium carbonate, ami sodium sulphate, in 
varying proportions, constitute chiefly the r^-mainder of the ingre¬ 
dients. With the present system of grading b-iscd upon the chemical 
determination of the total alkali, the Na.O of the Na^CO, is esti¬ 
mated with the NujO, in terms of which the caustic soda or NaOH 
is expressed. With this method of expressing the ((uality of the 
caustic, the soap-maker has just cause for complaint in that a Vari¬ 
able percentage of a worthless ingredient is included in the total 
percentage of the essential ingredient present. The following is 
an analysis of a sample of commercial caustic irurpoi'ung to he of 


74 per cent, quality: 

Total alkali estimated as NhuO. 74.18% 

Caustic alkali “ “ “ . 69.88% 

Caustic alkali “ “ NaOH. 90.18% 

Combined alkali “ “ NajCO,,. . 7 - 35 % 

Comliined alkali‘‘ “ Na/i). 4-3o% 

Sodium chloride “ “ NaCl. 2x12% 


This analysis indicates sample to be of substantially 70 per cent, 
quality. The difference between the sodium hydrate actually present* 
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and that claimed, viz., 4.30 ])cr cent. Nu./J, is due to the 7.35 per 
cent. NajCO,, this being estimated as its e(|uivalcnt, 4.30 per cent. 
NujO, in the total sodium o.xide. ,'\s more or less carbonate is 
invariably present in all commercial caustic, especially in the lower 
grades, the system of including it in the expression of the riuality 
of this product is 0])en to severe criticism. Quotations of quality 
are thus confessedly a misrepresentation. The only rational method 
is the expression of the Na./) as free caustic, or preferably units of 
NaOH. 

This would be an absolute index of the value of the caustic as a 
saponifying agent, and not, as by the method in vogue, an uncertain 
approximation of the same. Englisli degrees indicate the strength 
of the ash or caustic in terms of Nad), but, owing to either a wilful 
or accidental error in atomic weights, English analyses indicate a 
greater percentage of Na.X^ than is actually present. This error 
has become so firmly established by tradition that modern ideas 
have been unable as yet to eliminate it. In (Germany and Russia 
the strength is ex[)ressed in terms of sodium carbonate. This sys¬ 
tem is perfectly rational when applied to soda-ash, but is incon¬ 
sistent when applied to caustic. The expression of the value of 
commercial caustic soda in terms of an impurity, which, in so far 
as the soap industry is conierned, is |)ositively worthless as a saponi¬ 
fying agent for neutral glycerides, is certainly not conducive to clear 
ideas on the- subject. 

The superior advantages and economy of high-grade caustic 
need no argument. It is true of this product that the best within 
certain limits is the cheapest. There is presented in the following 
table the price per pound of sodium hydrate as it occurs in the cus¬ 
tomary grades of caustic, assuming that no carbonate is estimated 
as caustic: 


c'AiTSTic sonx. 


(^ 0^,0 

70'’; 



I’rn (■ per 

IN r (Vnt. N'aOlI 

Pncp N'a< )i I ptT 

1 00 ib >umls 

I’ri St lit 

[ 100 l'„unils 

S1 .f)> 

77 - 4 -; ■ 

$2 13 I 

1 :;o for 

(;o.,y 

I 

1 .()0 for 60' p ' 

() 5 . 4 <'< 

2 OO6 

1.70 for ()o‘,o 

()8 06 

2 196 
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The anomalous variation in prices (juoted arises from the slight 
differences in cost of production of the lower grades, combined, 
for those grades, with the proportionally greater cost of packages, 
transportation, etc. 

The total charges contingent upon marketing a 6o per cent, 
caustic arc the same as those of a 70 per cent., although the former 
contains considerably less of the essential ingredient; also the cost 
of production of a 70 per cent, caustic is but little more than that 
of 60 per cent. The increased cost of jjroduction of the higher 
grades, viz., 74 per cent, and 76 per cent., makes necessary a higher 
price, which is less than it would be if cost of marketing were corre¬ 
spondingly increased. 

The system of quoting the higher grades in terms of 60 per cent, 
caustic is a peculiarity of the trade, and the fractional increase in 
price based upon the degree is a measure of the increased cost of 
carrying the manufacture of the product above the 60 per cent, 
grade. 

In the i^reparation of caustic lyes of different densities from 
various grades of caustic, the influence of the impurities, chiefly 
sodium chloride, sodium carbonate, and sodium sulphate, is to 
reduce the active value of the solution for the specific gravity indi¬ 
cated. This reduction in saponifying [lower is least for the higliest 
grades and greatest for the lowest as a natural result of the increased 
percentage of these impurities present. The following table indi¬ 
cates the percentage of sodium hydrate present in lyes of different 
densities, made of the usual grades of caustic, corresponding to the 
densities of lye made from chemically pure caustic. It is assumed 
that the total alkali is present entirely as caustic, which never actually 
occurs. The figures stated, for reasons [ireviously given, are gener¬ 
ally slightly higher than would be found in practice. However, 
the table possesses value as a basis of com]iarison, and for all tech¬ 
nical purposes the figures are sufficiently accurate. 

Causticization of Soda-ash. —The consum|jtion of caustic soda 
for oil-refining and soap-making may be of sufficient amount, 
together with other economic considerations, to warrant the manu¬ 
facturer undertaking the manufacture of caustic soda himself. 
Caustic soda in aqueous solution is obtained from soda-ash, i.e., 
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TABLE 9 —PERCENTAGE OF S(;DHJM HYDRATE IN LYES MADE 
FROM VARIOUS GRADES OF COMMERCIAL CAUSTIC. 






(iradeb ol Caustic. 




Specific , Degrees 
Gravity. He 

77i“ 


74® 1 

7 A 

70“. 

6 o». 

Degrees 

Twaddell. 





Per C(‘iU 

NaOH 




1-075 

10 

^•55 

6.42 

6.25 

6 08 

5-91 

5.06 

'5-0 

1.083 

II 

7-31 

7-17 

6 (,8 

6 7() 

6.60 

5.66 

16.6 

I.O9I 

12 

8.00 

784 

7-<>,3 

7-4,3 

7-22 

6.19. 

18.2 

1.100 

13 

8.68 

8.51 

8 24 

H.06 

7.84 

6.72 

20.0 

1.108 

14 

9 42 

9 24 

8 in 

8.75 

8.51 

7.29 

21.6 

I.l 16 

15 

10 06 

086 

9.60 

9-34 

9.08 

7.78 

23» 

1.125 

16 

10.97 

10 76 

1047 

10.20 

9-91 

8 46 

25.0 

1.134 

17 

11.84 

11.6( 

113' 

11 00 

10.6(; 

9.17 

26.8 

I.T42 

18 

12.64 

T2 40 

12 07 

11.74 

ri 41 

9.78 

28.4 

1 152 

19 

13-35 

1.3. =8 

12.9^ 

12.S9 

12.24 

10 49 

30-4 

1.162 

20 

14-37 

1 1 o<) 

13 7^ 

13-35 

12.07 

11.12 

32-4 

I.I7I 

21 

15 M 

14 84 

I 

14.06 

i3-t>7 

11.71 

34-2 

I I So 

22 

15 91 

1^61 

15 '9 

14-78 

14.36 

12.31 

36.0 

1 TOO 

23 

16 77 

l(> 44 

1601 

15 38 

15-15 

12.98 

38.0 
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24 

17 t>7 

17 .t! 

1687 

16 42 

13 06 

13 68 

40 0 
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25 

18.38 

18 23 

'7 74 

17 27 

1678 
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42.0 
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26 

K) 58 

I() 20 

iH6() 
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17 68 

r«;.i6 

44.0 

I 2^1 

27 

2o.c:q 
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10 66 

19-13 

18.60 

15-94 

46.2 

I 2(1 

28 

21.12 

20 00 

20 .14 

i0-8<) 

16 33 

16 57 

48 2 

J.2‘^2 

2() 

22 6i 

22 20 

2T 62 

21 05 

20.45 

17,33 

50.4 

J.263 

3 ^ 

2.? ti7 

, 23.2[ 

2 2 60 

21 09 

21 37 

18 32 

52.6 

1 274 

3^ 

2t.Sl 

24 ^3 

2 3 fii) 

23.oq 

22.12 

IQ 21 

54 8 

1.2.S3 

32 

2^ So 

25 3<^ 

2 1 t'.3 

23 06 

23 30 

19 97 

57.0 
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33 

26 8^ 

26 51 

2:: 62 

24 02 

24 25 

20 77 

59 4 

T. ^08 

34 

27 80 

• 27 26 

26 53 

2S 82 

2^11 

2i.5;2 

61 6 

I '^20 

33 

28 8; 

28 28 

^■7 53 

26.70 

26 04 

22.51 

64.0 

I 33‘ 

3^ 

2(1 (),1 
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28 t:8 

27.81 

27 01 

23-17 

66.4 

I ^4'; 

37 

3« 22 

•^0 62 

2Q 82 

20 00 

28.46 

24.40 

69.0 

I .^^7 


.32 47 

.31 84 

30 90 

30.16 

29.32 

25 13 

7'-4 


commercial sodium carbonate, b\' treating llie latter, under suit¬ 
able conditions, with slaked lime. The procedure of manufac¬ 
ture is in accordance with the following chemical reaction; 

NajCO^soda-ash) + CafOHfTslaked lime) 

loO T i 

CaCOjflime-mud) -t- 2NaOH(caustic soda). 

lOO 


Thus, theoretically, io6 parts of sodium carbonate treated with 
74 parts of calcium liydrate yield loo parts of calcium carbonate 
and 8o jjarts of sodium hydrate. On a practical scale the theoreti- 
, cal yield is only approximately attained. 
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Description of Plant.—In Fig. 50 is shown, in plan and eleva¬ 
tion, the mechanical equipment of a causticizing plant, consisting 
of the converting-kettle, screen-tank, lye storage-tank, evaporator, 
pumps, etc. Fig. 4 q is a conventional form of lime-house. Fig. 51 



is an enlarged sectional view of the screen-tank; and Fig. 52 is an 
enlarged sectional view of the lower jiorlion of the converting-kettle. 

It is best to provide a building or a suitable fire-proof room or 
inclosure for the storage and preparation of the lime to be used in 
the converting-kettles, and as imperfectly burnt or inferior (juali- 
ties of lime often contain stone or unburnt material, such is pref¬ 
erably crushed before being passed to the converting-kettle, as it 
also affords an easier, more rapid, and complete operation in the 
converting-kettle. 

In Fig. 49, I represents the lime-house, having a raised or 
elevated iron lloor 2 for the storage of the lime. .Vdjacent to one 
side of this elevated lloor is a door 3, through which the lime can 
be received. 

4 is a lime-mill or crusher operated by a suitable jiower, a 
counter-shaft 3 being shown. The crushed lime from the mill may 
be passed directly into the carrier 7, which may be of jrerforaled 
iron if it is to be usecl as a basket inside of the converting-kettles. 




Fig. 50.—Diagram of Apparatus fur the Causticizallun of Soda-a-h ,ind Concentration of Caustic l.iquor. 
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or the carrier may be provided with double-tlap doors 9 when it is 
to be used as a chute. 

8 is a wheeled frame for carrying the basket or chute to the 
converting-kettle. In lieu of this wheeled frame an overhead tram¬ 
way may be used, as is shown in Fig. 50. 

The carrier 7 is provided with suitable swivel-handles 10, by 
means of which the carrier can be hoisted and its contents emptied. 

6 is the entrance from the lime-house to the converting-kettle. 

The lime-carrier 7 is preferably made of iron or a non-inflam¬ 
mable material, and as the floor in front of the iron converting- 
kettle is bricked or covered with iron or otherwise made fireproof 
no danger is incurred by using this carrier in an ordinary building, 
thus enabling this part of the operation to be carried on in an ordi¬ 
nary factory building. 

By the use of power the lime can be conveyed to the converting- 
kettle by means of any suitable endless conveyor or to any con- 
venientlv located receiver, from which it can be either by hand or 
automatically fed into said converting-kettles. 

In Figs. 50 and 51 ,.1 is a converting-kettle formed of any suitable 
shape and with a conical, bevelled, or flat bottom, as may be desired. 
This kettle is supported by means of lugs from the I-beam frames B. 

C tire suitable iron pillars for su|)porting tlie beams B. 

The to]) of the kettle is preferably covered with a hood D, formed 
of wood or metal, at the top of which is an e.xit D' for the jiassagc 
of the steam from tlie kettle. Near the bottom of the lonverting- 
kettle is shown an iron door <l for the removal of the residuum. 
This door when used is preferalily shaped to conform to the kettle 
and is ctirrietl down as nearly to the bottom of the kettle as is pos« 
sible. .Xt the extreme bottom of the kettle is a valved outlet-pipe e, 
also for the removal of the residue. 

/ is a ])ipe having ;i |)ivoted elbow within the kettle, by means of 
which the li(|uid lye can be run into the receiving-tatik F. 

Located :it the bottom of the kettle A is ])referably a |)erforated 
coil of steam-piite g, through which steam can be ejected for the 
boiling of the caustic lye, tind it can tdso be used for producing 
motion of the contents of the kettle. In addition to this a cIohcI 
coil of steam-i)ii)e g' may be em|)loyed for heating the contents,cf 
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the convcrtinf;-kc+tle. If the perforations in the steam-pipe g are 
placed underneath the pipe and on the sides thereof at about an 
angle of 45°, there will be a thorough agitation of the material, 
obtaining a complete conversion. The ])ipes g and g' arc located 
at any suitable distance above the bottom of the kettle. 

Air under pressure may be injected into the li(iuid, or to attain 
the same end a mechanical mi.xer or stirrer can be introduced within 
the kettle, the object being to maintain a constant agitation of the 
contents of the kettle and the complete admixture thereof. .The 
pipes g and / are connected with a source of steam-supiily by means 
of the y)ipe h, having the valve h' therein. //" is the main steam- 
pipe, shown running across the front of the kettle. If more than 



Fid. 51.—Sectional View of Lower Porlioii of ('onvertin^-kettle. 


one kettle is used, this pi[)e uin be cxlendeil for the supply of steam 
to the additional kettles. 

Eelow the hood D is an opening, jtreferably in front, for the 
Introduction of the ash and lime. The latter is i)referably intro¬ 
duced in snuill (juantities at a time into the btisket j, which is adja¬ 
cent to said opening, so located as to be partially immersed within 
the licpiid. The entrance to the kettle is protected by a door, which 
being closed when not in use will [trevent the outlet of the steam. 
As shown, the hood D should extend a short distance beyond the 
sides ;ind over the toy) of the kettle, so that the draft thereby pro¬ 
duced will facilitate the exit of the steam through the oytening D'. 
The hot-water receiving-tank I is elevated, so that its contents can 
be' run into the converting-kettle vt by means of the valved [)iyje i. 
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This tank is supplied with hot water from the coils of the evaporator 
or concentrator G by means of the pipe k. If this supply is insulTi- 
cient, additional water, either hot or cold, may be introduced by 
means of the valvcd pipe k’. 

k" is an overflow from the tank I. 

Situated below the converting-kettle is the screen-tank L, into 
which the residue of the materials used can be emptied by means 
of the pipe e or the door d. 'I'his tank is preferably provided with 
a false suspended bottom o (see Fig. 52) consisting of one or more 
layers of canvas and wire-gauze and which is so arranged that the 



Fig. 52.—Sectional View of Screen-tank. 


residue or lime-mud will not pass through the screen when oper- 
ated upon by a vacuum-pump, the liciuid and air passing through 
a pipe connecting with the bottom of the tank. This false bottom 
is preferably placed two or three inches above the bottom of the 
tank and consists, first, of a wire screen o' of very fine mesh, under¬ 
neath which the duck or canvas 0" is stretched. The fabric is 
supported, preferably, upon a sheet of gauze o'" of slightly coarser 
mesh, which in turn is supported upon an iron frame 0"". Within 
this tank, a short distance above the false bottom, is a perforated 
steam-pipe O', the perforations of the pipe being preferably arranged 
underneath and on the sides thereof at an angle of about 45'’. 

A suitable jointed elbow O" is used for decanting such portion 
of the suiiernatant liquid and wash-water as settles above the residue. 
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O'" arc faucets or cocks used for accomplishing the same purpose. 
A pipe p for the supply of water for the admixture and the wash¬ 
ing from the lime-mud or residue of any caustic lye not removed 
in the kettle is placed at one side of the tank. Adjacent to the 
screen-tank L is the wash-water tank R, which is connected to said 
tank by means of the i)ipe O", through which the wash-waters from 
said screen-tank can be transferred to said wash-water tank. 

K is the vacuum-pump, having a connection at p' with the bot¬ 
tom of the screen-tank and discharging into the catch-all or tank Q, 
from which the wash-wati-r lan be transferred to the wash-water 
tank E by means of the service-pump / and pipes /" /"'. 

Procedure of Causticization. —The operation of the plant is as 
follows: Water is run into the converting-kettle A and brought to 
a boil therein, and then a given quantity of soda-ash is put into the 
said con\erting-kettle and the boiling continued till the complete 
dissolution of the ash, making a solution of about 12° Baume. 
Then small portions of lime are added gradually through the medium 
of the lime-basket j, placed at a point in the converting-kettle so 
that such basket will be suspended ])arlly in the litpiid. The boil¬ 
ing (with o])en steam) is continued and lime added for the conver¬ 
sion of the soda-ash into ca'iistic soda, which can be determined by 
testing in any suitable way. When the liciuid is thoroughly causti- 
ci/.ed, as indicated by the suitable test referred to, the steam is shut 
olT and the whole allowed to settle for a time, after which the clear 
liquid is then drawn off from the converting-kettle by means of the 
pi])c and elbow /, either by gravity or being pumped and run to a 
suitable tank or other receptacle F for storing the litiuor, from 
whence it is delivered direct to the soap-factory or refinery, or if 
not of sufficient density it is then run to the evaporator G, which can 
be of any suitable construction tor concentrating it to the desired 
densitv. The eduction-pipe from this evaporator connects, prefer¬ 
ably, with a catch-all G', by means of which moisture mechanically 
entrained with the vaiiors may be arrested and conveyed back to 
the evaporator. There will then remain in the converting-kettle A 
mud composed of calcium carbonate entangled with caustic-soda 
lye, which mud is drawn front the converting-kettle through either 
or both of the outlets c or d in the bottom of said kettle and run 
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into the screen-tank L and allowed to settle, and the liquor above 
the lime-mud or residue is drawn off through a suitable pipe O" 
siphonically or by means of a pump, or can be run off by gravity 
through an outlet or outlets O'" on the side of said screen-tank, 
and is run to the same tank F as the clear liquid that was previously 
drawn off from the converting-kettle, or if of insufficient strength 
it may be run to the tank or receptacle E. Then water is run into 
the screen-tank and the mass brought to a boil by the injection of 
steam through the perforated steam-pipe or (oil, after which the 
mass is again allowed to settle, and the resulting clear Ikpiid that 
then settles above the lime-mud is decanted or drawn off in the 
same manner. Then more water is added to the mud in tlie screen- 
tank and the same operation repeated until the clear liquid that 
settles in said tank shows “ ” Haume when tested with a regular 
alkali hydrometer. Then the remaining liquid with which the 
mud is saturated is drawn therefrom by means of iqiplying a vacuum 
below the screen, the liquor being drawn by said vacuum into a 
suitable receiver, preferably a cylindrical vessel Q, and the liquor 
thus collected in the cylindrical vessel is then run to join the other 
wash-waters that have been drawn from the screen-tanks by other 
means. Such of these wash-waters as- have been run from the 
screen-tank Z, to a receptacle £, separate from the storage-tank 
from which the refinery, soap-house, or evaporator is supplied, are 
used in the converting-kettle for dissolving the next charge of soda- 
ash, such water being added in addition thereto as may be required, 
which additional water is preferably a water of condensation from 
the steam-coils or heating-chamber of the evaporator, which water 
of condensation shall have been run to the tank 1 or other suitable 
receptacle. 



CHAPTER VTI. 

COTTONSEED I’RODUC'I'S.—CoH/mwrf. 

Refining of Cnidc Cottonsird-oil The Kcfininn-keltk-. Apparatu.s of Rcfin- 
ing. Use of Caustir Alkali. Procedure of Refinin}'. Fini.sliinp' Refined 
Oil. Influence of Heat on Refined Oik Classification of Summer Yellow 
Oil. Products of Summer Yellow Oil. Hleacliint; Summer Yellow Oil. 
Winter Oils. Classification of Winter Oils. Nature and Valuation of 
Fullers’ Earth. Press-cake. Cottonseed-oil Soap-stock. Determination 
of Fatly Acids, Free or Uncomliined Oil, and Total I'atly Acids in Cotton- 
seed-oil Soap-stock. 

Refining of Crude Cottonseed-oil—The necessity of working 
up seed promptly to tivoid deterioration and subsequent impair¬ 
ment of the oil, the inconvenience and cost of gathering and 
shipping a bulky tirticle, the greater convenience of shipping the 
crude oil, the necessity of the return of the by-products of oil-mill¬ 
ing, viz., meal and hulls, to the soil that has produced the seed, the 
superior skill and experience, hence its scarcity, required in refining 
crude oil, the necessity for the fullest efficiency of operation of 
refining on as large a scale as is consistent with the greatest economy, 
represent, in so far as relates to the production of crude cottonseed- 
oil as a finished product, the natural gravitation of the forces of 
production to the source of the raw material. Hence we find in 
the growth of the industry ;i rapid multiplication of crude-oil mills 
in the most desirable sections of the cotton belt for the receipt of 
seed, by wagon, water, and rail, and likewise the establishment of 
refineries at centrally located points for the receipt of the crude oil 
by rail and for the distribution of the products of refining. 

The real acivancement of the last twenty years in the cottonseed- 
oil industry has been made by the refinery. While there have been 
many improvements in the machinery of the crude-oil mills, the 

process is to-day practically what it was many years ago, but when 
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wc turn to the refinery, the tremendous strides which have been 
made in the improvement of the refining methods result in a product 
so superior to the article produced years ago, that industries utilizing 
the oil, on account of this improvement, can use greater quantities 
of the oil than ever before. 

The Refining-kettle. —The agent used for refining is caustic 
soda, which is fully described in Chapter VI. The apparatus used 
is a plain cylindrical tank, or kettle, with conical or flat bottom, or 
with bottom slightly dished to facilitate removal of last traces of 
sediment. The kettle is provided with a swing-joint, or siphon 
pipe, located at a convenient level on the side of the kettle, for the 
decantation of the refined and settled oil. Below the swing-joint 
pipe and at a convenient distance from the bottom of the kettle may 
be another outlet to provide for a more complete separation of the oil 
from tile sludge, or sediment. In the bottom of the kettle is a valve 
for the removal of the precijiitate obtained on refining. The con¬ 
tents of the kettle may be heated by either exhaust or live steam 
in either open or closed coils, or both. .\ir for agitating the con¬ 
tents is introduced by means of a crisscross pipe, jirovided with 
openings, which connects with a pipe running over the side of the 
kettle and leading to an air-pump or compressor. Caustic soda 
is run into the kettle by gravity directly from the lye-tanks, where 
it is reduced to the required density, through a perforated pipe which 
distributes it uniformly over the surface of the oil. 

The capacity of the refining-kettle varies, the smallest being 
that which will provide amjile room for working and will produce 
of supernattint refined oil a volume at least efiual to the ca[)acity 
of a tank-car, viz., 125 barrels, this being the smallest amount for 
profitable handling. The maximum size will be determined by 
facilities for heating and agitation and by results obtained with 
larger batches than that of a tank-car. The prime essential in 
refining is intimate contact of alkali ;md oil at the proper tempera¬ 
ture. The crude oil may be transferred to the refming-kettle from 
the storage-tank either by pum]), or by gravity where the arrange¬ 
ments of the piping system permit of the latter choice. 

Apparatus of Refining.—I'he equipment of a refinery is most 
conveniently installed in a three-story and basement building. 
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This construction permits the handling of much of the material 
by gravity and the sejraration of different stages of the work into 
corresponding departments. On the third floor are located the 
rcfining-kcttle and the caustic-lye tank, from which lye at the density 
required may How l)y gravity into the refining-kettle. On the 
second floor are located the fmishing-kettle and the bleaching-plant, 
and in a sejrarate [lortion of the same lloor, the kettle for working 
up the soa[)-stock. On the first lloor are located ]>umps tor trans¬ 
ferring crude and refined oil, and here the products of refining.are 
discharged into their packages, in the basement are located 
receiving-tanks for crude oil, into width oil may be discharged by 
gravity from barrels or tank-cars and from which it may be pumped 
as desired cither into the refining-kettle or storage-tanks. The 
causti; melting-tank may be also located in the basement, from 
which the strong lye is pumped to the top lloor and diluted to the 
density desired. 

Use of Caustic Alkali.-—The function of caustic soda in totton- 
seed-oil refining is to combine with the free fatty acid present in 
the crude oil as a result of the decomposition of the originally neu¬ 
tral oil. The jiroduct of this combination is a true soap, sodium 
olcate, and is the same as that which is form d when cottonseed- 
oil is saponified with caustic soda in soap manufacture. In the 
combination of free vegetable acid together with more or less oil 
and caustic soda, with the combined agitation and heating, the 
coloring-matter of the crude oil and the mucilaginous and albu¬ 
minous matter unite to form a (oagulum which, on allowing the 
treated oil to stand, settles to the bottom of the kettle together with 
uouscil alkali, which is added in excess, and more or less oil mechani¬ 
cally mi.xed. This precipitate constitutes the raw material for the 
commodity that comes on the market as '‘cottonseed-oil soap-stock.” 

The amount of caustic soda, both in the absolute quantity of 
sodium hydrate and in the volume of the solution rec[uired for refin¬ 
ing, is subject to wide variation. .\ cpiantity of caustic-soda solu¬ 
tion requisite fo saturate the free acidity of the crude oil as ascer¬ 
tained by analysis, is insullicient to effect the purification desired, 
so an excess must be added, which must be determined by experi¬ 
ment with a sample of the crude oil. The percentage of free fatty 
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acids will varj’ from 0.4 per cent, to as high as 30 per cent., but 
the average is in the neighborhood of 2 per cent. The free acidity 
is estimated in terms of oleic acid, molecular weight 282. 

If in a batch of crude oil weighing 50,000 pounds, the free fattv acid 
content is found to be 2.5 per cent., the weight of free oleic acid is, 
therefore, 1250 pounds. One molecule of oleic acid combines with 
one molecule of sodium hydrate, NaOH, molecular weight 40; 
therefore, according to the following equation: 

Oleic acid (282) : Sodium hydrate (40) 1250 pounds ; x-, 

X, the weight of sodium hydrate re<iuired for neutralization, equals 
177.3 pounds. This weight of chemically pure caustic, expressed 
in terms of the commercial grade of 74°, which contains but 95.48 
per cent, of available caustic, equals 185.7 pounds, which is approxi¬ 
mately the weight contained in an equivalent number of gallons 
of caustic-soda sedution of 15° Be. made from 74° caustic. 

The percentage of caustic-soda solution of the density desired 
is arrived at by refining-tests on samples, using solutions of differcijt 
strengths and proportions, until the results desired on a practical 
scale arc obtained with the sample. 

According to the character of the oil the density may vary from 
6° Be. to 25° Be., with the percentage of the solution necessary in 
inverse proportion to its density. It is necessary that the alkali 
be uniformly distributed over the surface of the oil, which is effected 
by means of the sjiray-pipe previously mentioned, and that during 
the addition the oil be kept in agitation, without which [irecau- 
tion the caustic-soda solution, in virtue of its greater density, would 
sink at once to the bottom, and intimate contact with the oil would 
then be difficult to attain. 

Procedure of Refining.— .V.ter the batcli of crude oil has been 
accurately weighed and a sam|)le taken for the refming-lest, it is 
transferred to the refining-kettle, which has jireviously been thor¬ 
oughly cleaned. The methods of mani[iulalion vary greatly with 
individual refiner.. By some the oil is first heated to 85° Fahr., 
when caust.c-soda solution of required quantity and strength is 
added, meanwhile keeping u)) vigorous agitation; the more quickly 
the caustic is added the better. After the addition of the .solution. 
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TABLE 10—SPECIFIC GRA\1TY OF SOLUTIONS OF PURE CAUSTIC 
SODA AT 15“ C. (59° F ). (Lunge.) 
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continue agitation for altout ten minutes. Then heat gently with 
moderate agitation to about 125° Fahr. 'I'he time fe(|uired from 
the addition of the cattslic-soda solution to the maximum tempera¬ 
ture of 125° F'ahr. should be at least fifteen minutes. There is no 
objection to longer time being used. .Vgitation should be contin¬ 
ued gentb until there is a disposition on the part of the impuri¬ 
ties to curdle. By other refiners, the oil and alkali are first agitated 
in the cold until perfect admixture is obtained. This may reijuire 
from fifteen to twenty-five minutes. AVhen the body of the oil has 
assumed an almost black color, heat is a])plied gently, with con¬ 
tinued agitation, until the oil is about 125° Fahr. d'his treatment 
is continued until the jihysical appearance noted above is observed, 
viz., the separation of im|)urities as dark-brown Hakes, and a general 
curdled appearance. The titticinment of the maximum temperature', 
12^° Fahr., should be very carefully watched; 130° Fahr. is not 
dangerous, and good oil should nevew go above 140° Fahr. At this 
stage of the process, samples should be taken from time to time and fil¬ 
tered through filter-jiaper. The progress of the inirification may thus 
be observed in the successive liltrates. When the desired results in 
color, odor, and clearness are exhibited by the samples, agitation 
and heating arc discontinued. The contents of the kettle are now 
allowed to stand to await the precipitation of the excess of alkali 
and the impurities which constitute the raw soap-stock. After the 
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settling period, which rec|uires us a rule from three to five hour>, the 
supernatant oil has assumed a bright-yellow color and is ready to 
be transferred to the ''finishing” tank by means of the swing-joint 
pipe previously described. 'I'his pijx' may be lowered at will in 
the kettle and the oil drawn olT as close to the settlings as desired. 
The ([uantity of oil that can be removed depends upon the amount 
of the precijiitate and the thoroughness of the settling. 

Finishing Refined Oil.—The treatment of the yellow oil in the 
finishing-tank is for the i)urpose of washing out the excess of alkali 
added in the refining-kettle and to eliminate the last traces of water. 
If the amount of alkali retained is slight, one washing mav suffice 
to remove it. I’he temperature should not exceed 100° to 105° h'ahr. 
The fittings of the linishing-tank are similar to those of the refining- 
kettle. The wash-w'ater should be uniformly distributed over the 
surface of the oil, agitation continuing meanwhile, .\fter settling 
the wash-water is withdrawn from the bottom until the clear oil 
comes. The washing should be repeated in this manner until the last 
traces of alkali are removed. Where a considerable c.xcess of caustic- 
Isoda solution has been added in the refining-kettle, much trouble 
may be experienced in its complete elimination. The Use of pickle 
or brine of not greater density than 10° lk\ is recommended in 
obstinate cases. The greater density of the pickle-wasli not only 
facilitates settling, but imparts an agreeable taste to the oil. After 
all traces of alkali have been satisfactorily removed, the final treat¬ 
ment of the oil is for the elimination of water. During the pre- 
liminarv washing, the tem|ierature should not exceed too° to 105° 
Fahr. The oil is now heatecl gently, with continued agitation, to a 
temperature not e.xceeding 125° Fahr. With a considerable c[uantity 
of moisture ])resent, it is frecpiently advisable when removing the 
settlings to run off a jeortion of the cloudy oil and continue the dry¬ 
ing of this jeortion in a separate tank, thereby making easier the 
elimination of the reduced proportion of moisture in the larger 
body of oil. After the process of drying has been conducted for 
some time the oil is finally dried by the addition of varying amounts 
of plaster of Paris, the amount being determined by the amount 
of water remaining. The determination is best made by taking 
small samples of the oil during agitation and filtering it in the labo- 
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ralon'. After agitation with the plaster of Paris until it has been 
thoroughly mixed with the oil, it is filter-pressed. Oil flowing from 
the filter-press after the foregoing treatment has been followed 
should be ready for barrelling as prime summer yellow when made 
from prime crude. 

Influence of Heat on Refined Oil.—The effect of the combined 
action of heat, moisture, and air on the quality of crude oil has been 
already dwelt ujton. These three agents of decomposition arc like¬ 
wise to be considered in the finishing of refined oil. It is desired 
to expel the remaining traces of moisture at the lowest possible 
temperature. Excessive heat, i.c., above 125° Fahr., effects dele- 
tcriously the flavor of the oil, and at 140° Fahr., according to con¬ 
ditions, decomposition becomes more or less active. With “off” 
oil where the desideratum is the color and not the flavor, tempera¬ 
tures as high as 160° to 170° Fahr. arc more advantageous than 
otherwise, as with such heat brightness of color is more easily obtain¬ 
able. With crude oil of superior (juality, treatment should be 
effected at the lowest possible temperature; below 100° Fahr., if 
practicable, and in the fmishing-tank agitation alone should be 
depended upon to eliminate the last traces of moisture. The injuri¬ 
ous influence of heat on the flavor of oil should encourage as little 
dependence as is practicable upon this agent for the separation of 
moisture. To this end it may be desiralfle to have the fmishing- 
tank shallow in order to facilitate the sei)aration. 

Classification of Summer Yellow Oil. —Owing to deterioration 
of the seed and to varying skill of manufacture, all crude oil does 
not produce \'ellow oil of the same grade. The loss on refining 
crude oil depends upon its age, whether it has undergone much or 
little decomposition, and upon its degree of contamination with 
the albuminous matter of the seed. It may vary from 5 per cent, 
with prime crude oil to 25 per cent, and more with very inferior oil. 
Summer yellow cottonseed-oil is classed and graded as follows: 

Prime summer yellow must be clear, sweet in flavor and odor, 
free from water and settlings, and of no deeper color than 35 yellow 
and 7.1 red on Lovibond’s equivalent color scale. If the oil is of 
deeper color than the glass standard (35 yellow, 7.1 red) it shaU not 
be prime. 
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Choice ^ummcr yellow must be sweet in flavor and odor, clear 
and brilliant in a])pearance and free from moisture. 

Off summer yellow shall be free from water and settlings, olT in 
taste and color and should be sold by sample. 

'I'he proportion of the different grades of summer oil produced 
depends u])on the quality of the crude oil and this in turn is deter¬ 
mined by the ([uality of the seed. It has varied from about 85 jier 
cent, to 35 per cent, of prime and choice oils, and from 15 per tent, 
to 65 ])er cent, of off oil. In the treatment of summer oil, the loss 
in transforming the product into a superior grade is verv slight. 

Products of Summer Yellow Oil.—Summer while oil is obtained 
from summer yellow oil by bleaching with fullers’ earth and filter¬ 
ing, and is used chielly in the manufacture of lard ((impound. Winter 
yellow and winter white oils are obtained from the corresponding 
grades of summer yellow and summer white oils by the separation 
(d the solid glycerides at reduced temperature. The solid glycerides 
constitute commercial cotton-oil stearin which is used in the manu¬ 
facture of lard compound. The winter oils remain limpid at 32° 
Fahr. and are marketed directly as salad- and cooking-oils, and 
indirectly as butter substitute, of which they form a varying ingre¬ 
dient. Miners’ oil, a product of \ery limited application, is a winter 
oil obtained from off summer yellow. It early replaced lard-oil as 
an illuminant for miners’ use, and soon, for the same purpose, came 
to be adulterated with petroleum distillate. The separation of the 
solid glycerides corrects the tendency of the oil to smoke. 

Bleaching Summer Yellow Oil.—The apparatus retpiired for 
this purpose comprises essentially a storage-tank for the summer 
yellow oil, a bleaching-kellle, a storage-tank for the filtrate, or sum¬ 
mer white oil, a filter-press, a feed-jiumj) for the press, and necessary 
pipe and valve connections for oil and steam. The finishing-kettle 
may serve as a storage-tank. The filter-press is similar in con¬ 
struction and operation to that used for clarifying crude oils. The 
b'eaching agent is fullers’ earth. Bleaching consists in agitating 
the oil witji a requisite amount of fullers’ earth and filtering the 
mixture. Agitation may be effected either by means of air, as in 
the refining-kettle, or by means of a vertical shaft carrying hori¬ 
zontally inserted arms, or blades. For the complete removal of 
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the coloring-mutter, it should be endeavored to obtain the most inti¬ 
mate admixture of the oil with the absorbent earth. In Fig. 33 is 
shown a plan of a bleaching plant adapted for the bleaching of cither 
tallow and grease or oil. Sulphuric acid alone, or in conjunction 
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with bichromate of soda, may be u^ed in addition to the fullers*- 
earth treatment for animal fats. For vegetable oils the fullers’- 
earth treatment suffices. A plant of the same description may al-o be 
used for the preparation of miners’ oil from off summer yellow oil. 
Sulphuric acid effects dccolorization by dehydrating Or charring 
the organic coloring-matter, thus facilitating its removal. In the 
procedure of bleaching with fullers’ earth, summer yellow oil is 
transferred to the bleaching-kettle and fullers’ earth added. The 
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proportion of earth to oil varies greatly according to quality of the 
oil and earth and skill of the refiner. Agitation having begun and a 
known weight of earth added, samples arc taken from time to time 
and filtered through filter-paper into a four-ounce oil sample bottle. 
More earth is added as re(|uircd to produce the desired brightness 
of color in the samyrlc. When this has been obtained the mixed 
earth and oil are filtered, the first runnings from the press being 
returned to the bleaching-tank until the oil flows clear and brilliant. 
The proportion of earth used amounts to from 2 to 5 per cent, of 
the weight of oil. The least amount of earth necessary should be 
used, as its contact with the oil impairs the flavor. To produce the 
best results only choice summer yellow oil should be treated. The 
flavor imparted by fullers’ earth may be neutralized by the addition 
of from I to 2 per cent, of soda-ash before filtration. 

Winter Oils.— .As the tcm|)erature is reduced, the glvcerides of 
higher melting-point crystallize out of the liquid portion of the oil. 
.Advantage is taken of this difference in melting-point to separate 
I he more readily congealing portion with the result that oil is obtained 
which will remain fluid at the freezing-point of water. The tem¬ 
perature at which the more solid glycerides crystallize depends upon 
the quality of the oil; oils containing a considerable proportion 
of stearin and yralmitin will begin to crystallize at a higher tem¬ 
perature than those containing less. Summer oils will begin to 
crystallize from 50° to 35° k'ahr. This is shown first bv a slight 
turbidity, which increases as the temperature falls until the oil becomes 
firm at 32® Fahr. 

The practical separation of the portions of cottonseed-oil, re¬ 
spectively solid and liquid, at 32° Fahr., is carried out after the man¬ 
ner in which edible tallow is resolved into olco-stearin and oleo-oil, 
with the exception that a much lower temperature of manipulation 
and pressing is necessary. This involves the installation of refriger- 
ating-machincry, that ;i suitably low tenqierature may be maintained 
for the crystallization of the oil and its subsequent treatment. The 
yrroccdure pf separation comjrrises essentially the storage of the oil 
in shallow trays in the cooling-room until the crystallization, or 
“seeding,” of the oil is effected. When sufficiently cooled, the oil 
is in the shape 01 a cake corresponding to the dimensions of the 
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tray. The individual cakes arc transferred to cloths, carefully 
wrapped and piled between metal plates in a press. On applica¬ 
tion of pressure, the liquid portion of the oil, consisting of olein, is 
expelled, while the solid portion, consisting of stearin and palmitin, 
remains to form the cake. Tlie cake goes into lard compound, while 
the oil finds rapidly extending use as a salad-oil and in the packing 
of sardines. 

As the products of crude cottonseed-oil are increased in purity 
by successive processes, increased skill and capital become necessary. 
As a result, the establishments producing the refined grades are few 
in number. 

Classification of Winter Oils. —Different grades of summer oils 
produce corresponding grades of winter oils. According to the 
rules regulating transactions in cottonseed-oil among members of 
the New York Produce Exchange, two chief grades are recognized 
as follows; 

Winter white cottonseed-oil, to pass as prime, must be straw- 
white to white in color, brilliant, sweet in flavor and odor, and must 
stand limpid at a temperature of 32° Fahr. for five hours. 

Winter yellow cottonseed-oil, to pass as prime, nrust be brilliant, 
free from water and settlings, sweet in flavor and odor, of straw 
color (not reddish), and must stand limpid at a temperature of 32” 
Fahr. for five hours. 

.According to the same rules, tests for winter cottonseed-oil shall 
be made as follows: A regular 4-ounce sample bottle shall be filled 
full of the oil to be tested; a thermometer shall be inserted through 
the cork of the bottle, and the bottle hermetically sealed. The oil 
shall then be heated slowly to a temperature not exceeding 80° 
Fahr., and remain at that temperature not exceeding fifteen minutes. 
It shall then be chilled until it stands at 32° Fahr., at which point 
it must stand for five hours, and must be clear, brilliant, and 
limpid at the expiration of that time. 

Nature and Valuation of Fullers’ Earth. —Agitation with full¬ 
ers’ earth and filtration is the almost universal method fpr the clari¬ 
fication of oils. Originally, all the fullers’ earth used in the United 
States was imported chiefly from England, but in recent years 
deposits of very good quality of earth have been discovered and are 
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being worked in this country. The color, taste, physical condi¬ 
tion, or chemical analysis does not determine the value of this Ixxly 
for bleaching purposes. This can be determined with certainty 
only by practical experiment with the oil to be bleached. When 
diy it adheres strongly to the tongue, but many clays, with which it 
may be regtirded as of similiir character, do the same. Unlike 
clay, it lacks plasticity; it has a high percentage of combined water, 
and a content of alumina rarely exceeding 15 per cent. Its natural 
color varies from brown, gray, to dark blue, due to the presence of 
organic matter. Fullers’ earth was originally used for cleansing 
cloth of grease and also by furriers for cleaning furs. Its chief 
physical characteristics are its fine grain, non-plasticity, and that 
when thrown into water and broken uig it forms a somewhat floc- 
culent mass. Its commercial value resides in its high absorbent 
and decolorizing power. In its preparation for market, the usual 
method, after mining, is to spread the material in a thin layer over 
a drying-floor, although a more modern method is to heat it by fire 
in cylinder dryers. Before putting it through the dryers, it is first 
pulverized. In drying it assumes a white color and parts with 
upwards of 60 per cent, of moisture. It is then sieved into various 
degrees of firmness, usually 100 or 120 mesh, and put in bags for 
shipment. 

Press-cake.— The residue left in the filter-press and forming 
the cake is fullers’ earth plus absorbed organic matter, with more 
or less retained oil. The qiuintity of the latter may be reduced to 
a minimum by steaming out the press. The disposition of the oil 
thus separated by steam will be determined by its quantity and 
quality. The oil yet remaining in the cake, while of considerable 
amount in the long run, is valueless considering the expense of its 
recover)'. The press-cake is a worthless by-product. 

Cottonseed-oil Soap-stock.— The sludge remaining in the refin¬ 
ing-kettle after the removal of the supernatant yellow oil for treat¬ 
ment in the finishing-kettle, consists of neutral oil, caustic soda, soda- 
soap of oloic acid, together with coloring-matter of the seed and albu¬ 
minous and mucilaginous matter which constitute a considerable pro¬ 
portion and the most offensive part of the loss on refining. This 
mass contains the material which, disseminated in suspension and 
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solution in the crude oil, supplies the cause for the decomposition 
and deterioration of the neutral oil. It is dark in color, of offensive 
odor, and exceedingly troublesome to handle. On exposure to air 
oxidation with decomposition of the unstable albuminoids ensues 
rapidly. 

A more complete separation of the mechanically mixed oil is 
effected by transferring the raw soap-stock to a tank referred for 
this purpo<', where it is again heated up to allow the good oil to 
rise to the surface, whence it is skimmed off to be reworked with a 
subsequent batch of crude oil. The material may then be run into 
suitable packages and disposed of in its original untreated form, 
or put through a process of purification whereby practically all of 
the non-oleaginous matter is separated. 

f purified, the raw stuff is transferred to a kettle especially 
reserved for this purjiose and allowed to accumulate in sufficient 
amount for treatment. The procedure of the purification of ;his 
material s practically that of soap manufacture. The nature of 
its utilization will depend largely upon manufacturing conditions 
at the place of its production. If a ' oap-factory is operated in • 
connection with the refinery, it may be transferred thence and its 
manipulation become part of the technical procedure of that dcqiart- 
ment. If sold in a purified form to soaj) manufacturers it is treated 
at the refinery and forms a commercial by-product of that enterprise. 

According to rules governing transactions in cottonseed products 
all sales of raw soap-stock, unless otherwise agreed upon by buyer 
and seller, arc sold upon a basis of 50 per cent, fatly acid, not to 
fall below 40 per cent. If containing less than 40 per cent, fatty 
acid soap-stock shall not be considered merchantable. Delivery 
to be made in iron-bound hardwood packages or tank-cars. 

A contract tank-car of soap-stock shall be 50,000 pounds unless 
Otherwise specified. 

The crude soap-stock is similar in its character to the “nigre” 
of the soap industry; the former is the concentrated impurities of 
the crude oil, containing more or less oil according to thg complete¬ 
ness of its separation; the latter is soap containing the impurities, 
with much water, that have settled out during the period of cooling 
that a boiling of soap undergoes preparatory to crutching and fram- 
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ing. To utilize the nigre after the supernatant pure soap has been 
crutched and framed, it is boiled up and grained with dr}’ salt and 
the impurities and coloring-matter precipitated into the sub-lye. 
This is run into the sewer and the grained nigre is ready to be used 
in subseiiuent boilings of soap. 

Where it is desired to transform the crude soap-stock at once 
into a merchantable article it is boiled uj) with the excess of alkali 
left on refining. The alkali is absorbed, leaving an excess of free 
oil. When absorption is complete, as determined by the taste, dry 
salt is added in sufheient quantity to give the soap a good, close 
grain, and the contents of the kettle are allowed to stand. The very 
imjnire and foul sub-lye is disibarged into the sewer. Water is 
now added to the kettle, which should be boiling gently, until the 
soap is closed. The soap is again grained as liefore and the sul)- 
lye run off. This washing process is repeated until the desired 
brightness of color is obtained. When this condition is reached 
the soap may be brought to a coarse finish and run directly from 
the kettle into suitable jiackages; or it may be allowed to cool after 
' the manner of ordinary .settled scmi) to allow impurities to settle 
into the nigre, after which this good soap is barrelled, and the nigre 
boiled up and grained for reworking in subseciuent batches as de¬ 
scribed before. The soaj) thus obtained is firm, brown to yellow 
in color according to the degree of purification, and contains more 
or less unsa])onificd oil. The odor, while not offensive, is character¬ 
istic and iiersistent, which, with the color, gives unmistakable evi¬ 
dence of its origin in all cletergcait [iroducts made from it. 

The utilization of this material for soap manufacture, either 
alone or in admixture with varying jiroiiortions of off summer 
yellow cottonseed-oil, tallow or grease, and rosin, involves its com¬ 
plete saponification. This treatment of the subject is reserved for 
the sectic'in dealing with the use of cottonseed products in soap 
manufacture. 

Determination of Fatty Acids in Cottonseed-oil Soap-stock.— 

About 10 gtams of the sample, more or less, according to the amount 
of moisture present, are weighed out into a beaker of convenient 
size and dissolved in the least amount of hot water necessary to 
effect solution. Run in slowly, stirring meanwhile, mineral acid, 
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either hydrochloric or sulphuric, until an excess is present. The 
beaker with contents is now transferred to a water-bath and heated 
until the liberated fatty acids have melted. The contents are now 
washed into a large test-tube and the whole placed in a refrigerator 
to cool. The fatty acids collect on the surface and solidify in the 
form of a cake. The cake, with all traces of fatty matter adhering 
to the sides of the tube, is transferred to a weighed filter and the 
whole weighed. The weight of fatty acids divided by the weight 
of soap-stock taken, gi\'es the percentage of fatty acids in the soap- 
stock. The free or uncombined oil present in the soap-stock 
remains with the fatty acids liberated from the soai) and is weighed 
with them. This method, while not analytically accurate, suffices 
for technical purposes. 

Determination of Free or Uncombined Oil in Soap-stock.— 

About lo grams of the sample, more or less, according to the amount 
of moisture present, are weighed out into an Erlenmeyer flask and 
dried. When the sample is sufficiently dry, the flask is cooled and 
a quantity of petroleum-ether (of a quality that leaves no residue 
on evaporation), sufficient for extraction, is added. A return-flow 
condenser is inserted in the mouth of the Erlenmeyer flask and 
the whole transferred to a water-bath and heated until extraction 
is complete. The extract is then -separated from solid matter by 
filtering through filter-paper, with repeated washing with petroleum- 
ether to insure complete separation of the oil, into a weighed beaker. 
The filtrate is evaporated to dryness on the water-bath and the 
residue weighed. This weight divided by the weight of the sample 
gives the percentage of free, or uncombined oil. 

Determination of Total Fatty Acids in Soap-stock. —To ascertain 
the percentage of fatly acids from both soap and oil, it is necessary 
to complete the saponification of the oil in the samiile with alcoholic 
potash solution. To the weighed sample in an Erlenrney’er flask, 
alcoholic potash solution is added in (juantity suflicienl to complete 
the saponification of the free oil; a return-flow condenser is inserted 
in the mouth of the flask and the whole heated, with‘occasional 
stirring, until the soap formed is dissolved. The condenser is then 
removed and alcohol expelled by boiling. The total fatty acids are 
now set free, and washed and weighed as previously described. 



CHAPTER VIIT. 


COTTONSEED PRODUCTS (Continued). 

Cottonseed-oil Cake. Classification. Trimming Cottonsccd-oil Cake. Cot¬ 
tonseed-meal. Cake and Meal and its Proper Handling. Yield of Cake 
and Meal. Classification. Composition. Quality and Grading of Cotton¬ 
seed-meal. Uses. Determination of Oil in Cottonseed-oil Cake. Cotton¬ 
seed-hulls. Uses. Cottonseed-hull Ashes. 

Cottonseed-oil Cake.— On the release of pressure and the descent 
of the ram of the hydraulic press, the cakes, still retaining the heat 
imparted during cooking, tire ready for removal. They are trans¬ 
ferred quickly to the “stripping-ttible,” where “strippers” separate 
the press-cloths, which arc handed at once to the attendants at the 
; cake-former for use again. The hot cakes, firm as a board, are 
loaded upon trucks and taken to the storage-room, where they are 
allowed to remain until cold. A record of the approximate weight 
of seed crushed may be kept by multiplying the weight of cake by 
two, to which sum is added the weight of oil expressed. 

The appearance of the cake indicates the thoroughness of cook¬ 
ing and the degree of moisture left in the cake. Insufficient cook¬ 
ing, leaving thereby an excess of moisture in the meats, causes the 
cake to “creep” in the jircss. This condition may also be caused 
by too rapid travel of the ram during the application of low pressure 
to the press. Ends of the cake should be soft. They carry upwards 
of 30 per cent, of oil, which is recovered in trimming. Hard ends are 
the result of “creeping,” and cause interior portions of the cake to 
retain much oil. Thorough cooking, the formation of a cake of 
uniforrp density and thickness, the wrapping of the same in press- 
cloth so that no unevenness is jiroduced, and the proper application 
of low and high pressure, produce a cake from which the press-cloth 
is easily separated and which contains, after recovery of oil from 
ihe trimmed ends, the minimum percentage of residual oil. 

H3 
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Classification.—According to the rules governing transactions in 
cottonseed products, cottonseed-oil cake is graded and classed as 
follows: 

Choice cake must be bright yellow in color, sweet in odor, soft 
and friable in texture, not burnt in cooking, free from excess of 
hulls, and must produce, when properly ground, a bright meal of 
deep-canary color. 

Prime cake must be of good color, yellowish, not brown or red¬ 
dish, sweet in odor, firm but not flinty in texture, free from excess 
of hulls, and must produce, when proiierly ground, a prime meal. 

Off cake comprises all grades of cottonseed-cake which are dis¬ 
tinctly off in color, taste, or odor, or which have been improperly 
manufactured, so as to incorporate in it a very large jiercentagc of 
lint and hulls, or to produce an exceedingly hard, llinty texture. 

Cottonseed-cake, unless otherwise specified, shall be packed in 
good, strong, sound Dundee bags, either new or second-hand, at 
the option of the seller, unless specified in contract. Packages must 
be well sewed and in good shipping order and bear a shipping-mark 
or a brand. 

Trimming Cottonseed-oil Cake.—The soft ends of the cake 
contain over twice as much oil as the body of the cake. Inasmuch 
as the value of cottonseed-meal for feeding purposes lies primarily 
in the protein content and not in the oil, the value of the take is not 
deteriorated by its removal. The recovery of the excessive per¬ 
centage of oil from this portion of the cake conduces to efhciency 
of operation by increasing the yield of oil, and as its removal jiro- 
portionately increases the percentage of protein in the cake remain¬ 
ing, the value of the cake is improveil rather than otherwise. 
form of automatic cake-trimmer adapted for use in cottonseeil-oil 
mills is shown in Fig. 54. 

The trimmer has a capacity of 21 cakes per minute. The cakes 
arc piled on the feed-table of the machine, shown empty in Fig. 54, 
and arc automatically trimmed, one at a time, and automatically 
replied on the receiving-table, shown partly filled. As the stripjier 
is expected to pile the cake on the machine, the requirements for 
extra labor jiractically disappear. The cakes are trimmed by pass¬ 
ing between two cutters on opposite sides of the machine, which 
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are free to separate as refjuired by the individual cake passing 
between them. These cutters are held against the cake by tension 
weights, which may be increased or diminished according to the 
closeness of trimming required. .\s the cake passes between them 
the resistance due to its hardness spreads the cutlers, which thus 
remove the softer portions of the cake, leaving the hard undisturbed. 
In this w'ay each individual cake is trimmed, irrespective of its 
length, shape of its ends, or the amount of oil carried by it. 

The receiving-table lowers itself automatically by the thickness 
of each cake as it is delivered by the trimmer. Thirty to forty cakes 
may be piled upon it before it is necessary to remo\-e them and 
to raise the table to its former position. The table is mounted on 
the upper end of a vertical plunger, working in a hydraulic cylinder 
e.xtcnding through the floor, and is raised by water or oil jjressure 
taken from i)iping carrying pressures from 40 to 4000 pounds per 
scjuarc inch. 

The meal removed from the cake, which is very fine, passes 
through openings in the feed-table and may be returned directly 
to the kettle by sjiouting and conveyors. Kach trimmer with receiv¬ 
ing-table reijuires a floor space of about 6'.8X5'.3. Two or three 
horse-power is the estimated requirement for the machine. 

The abraded ends of the cake arc worked over with fresh meats 
in the cooker. As they are considerably dryer the addition of more 
or less water is rctiuircd for their proper reduction. The propor¬ 
tion of cake-ends and meats must be determined by the judgment of 
the cook. 

Cottonseed-meal. —When ready for reduction, the cool and dry 
cakes are fed into a cake-breaker, a form of which is shown in 
Figs. 55 and 56, The cake is discharged from the breaker in small 
fragments, which are fed directly into the mill (Fig. 57). In mills 
of this type, which mark a great improvement over the rdd buhr- 
mill, reduction to powder or meal is effected by attrition. An attri¬ 
tion mill consists essentially of two upright reducing discs 0/ plates, 
both of which revolve, one in opposite direction from the other. 
The material to be reduced is fed regularly from a hojiper on toj) 
of the mill into the centre or eye of one of the discs and is thrown 
back and forth against the surfaces. The particles of cake, treated 
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in this way and by contact with themselves, are quickly reduced 
to meal of any degree of fineness desired. 

Cake and Meal and its Proper Handling.—First 1 would say:* 
Prejiare and cook your meal well. Cooking meal projierly is abso¬ 
lutely necessary in order to gel a bright firm cake. Too much alien- 
lion cannot be given the cooling of the meal, and my experience 
has tauglil me to judge llie meal whether cooked properly or not 
by the condition of the lake when taken from the presses. If the 
cakes are very dark and while being pressed a great deal of the meal 
slips, or (rawls out of llu' pre.sses, it is evident that there is too much 
moisluri' in tlie meal, or it is too “green,” i.e., not cooked enough. 
Such take when cool is very hard and of dark color, will stick to¬ 
gether in the stacks, and is hard to break. Increased power on the 
cake-mill to grind is necessary, and with this kind of cake the super¬ 
intendent cannot turn out prime meal, therefore causing a loss to the 
mill. On the other hand, say you are working dry seed; the raw 
meal as a result is very dry; the cook perha])s has the steam-pressure 
on the heaters too high and holds the meal in the healers too long, 
not using any moisture; the result is the cake will be trouble.somc 
to get in the presses. I'hc meal being dry and spongy, the former 
does not press the cakes small enough to let them go in the [tress- 
bo.xes with ease, so there is a hardship on the panman; after the 
pressure is put on them they will hang and stick to the boxes and 
break ;ind scatter on the floor and jierhaps you will not get one whole 
cake out of a pressing; the loss in this cake is greater than in the 
other; the yield of oil is less and both the cake and oil are scorched, 
rendering them both of off ((uality, besides the large per cent of oil 
left in the cake. 

The necessity of proper cooking to make a prime cake is thus ap¬ 
parent; therefore see to it that your cook gets his meal right; also 
see that^he former-man keeps his former in good trim; have him 
keep the meal-carriage cleaned out; also the tray, so the former will 
make a uniform cake of even density, thereby saving your press- 
boxes from being sprung out of shape and making a good solid, 

♦A paper prepared by J. P. Bass, Morgan, Texas, and J. H. Settle, Denton, 
Texas, read before Oil-mill Superintendents’ Association, Sherman, Texas, May 

t}** -7.^. lonl. 
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firm cake from end to end. After the proper amount of pressure 
is put on them there is not left in them more than se\'en or eight 
per cent, of oil; they will slip out of the jiresses easily and the cloths 
will strip off easily, thereby making a .saving in the press-cloth e.x- 
pense. 

Have the cake-stripper to handle the cakes carefully to avoid 
breaking them; it is a nui.sance to handle lirokcn cake; it is a loss 
of time and unnecessary work. I!y careful handling from the presses 
to the slacks you can avoid having so many ]iieces or scrai) cake 
that take uj) so much space in the cake-room and consume so much 
time in handling; besides, it is often that a nut, small boll, or a [liece 
of iron of .some kind will gel in the scrap-pile of cake and be fed into 
the cake-mill, thereliy breaking or gapping the grinding-plates. 

d'he demand for broken cake or cake sacked from the breaker 
is increasing ecery year. Feeders prefer it to mc'al, especitdly for 
their stock cattle, tis it is less trouble and e,\i)ense, ihev not hacing 
to build troughs to feed in, but simply scatter the broken ctike on 
the ground; so for that class of trade it is Icesl to screen the cake, tind 
you can do that with \er\ little e.xpense l)y placing a screen between 
the elevator and sacking-spout, sloping .so thtit the cnicked cteke will 
fall over it and all llie line particles and meed will fall through, fn 
a (ki\'s run you will gel from two to three tons of .screenings. .Ml 
this is a sax ing to the consumer. 'I'he screenings can then be thrown 
back, i)Ut through the cake-mill and made into meal. 

Do not let your cake-room till uji with bulk cake: it lakes up too 
much room and does not present a good ai)])earance. Make it into 
meal or cracked cake as your trade may demand; then your prod¬ 
uct is tdways ready for the mtirket, and if you have it sacked you 
always know how much you have on hand, tend you will not have 
several days’ grinding to do after you .shut down, as is often the case. 
See that the breaker does its work jcroperly. I heard a Jk,ockman 
who had bought a lot of cracked ctike frejm ;i mill say that the cake 
was so hard and in such large ])ieces that it gave his cattle the lump- 
jaw to eat it; so ycru see that your breaker breaks the cake into 
small pieces; the cake-mill will grind it easier and it will give better 
satisfaction to your customer. Have your cake-mill properly ad¬ 
justed, well trimmed and balanced with sharp discs or plates, and 
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SL't to grind your meal to suit your trade. See that your millman 
keeps his scales clean and always balanced at one hundred ])ounds, 
and that the sack-sewer sews the sacks well and strong so that the 
ends of sacks will not burst and waste the product. Have the trucker 
to stack the sacks in uniform lows so they will have a neat appear¬ 
ance, and you can at any time ciieek them up and get an accurate 
count. Keep your mill room cleaned u]); do not allow your meal 
to scatter over the lloor and waste, and also see that your cake-mill 
»is kept clean and well oiled. 

Some mills sell their cake in bulk where it is profitable. That 
is a very nice way to handle cake. The suiierintendent is always 





Fig. 55.—Cdke-breaker. 

glad when the manager inform, him that he has sold a large .ship¬ 
ment of cake, for sometimes the cake-mill will give a good deal of 
trouble, especially if lie has a “green” crew, and then it takes con¬ 
siderable jiower to pull the mill if you have to grind very fine for 
exportrade; so I think it advisable to ship loose bulk-cake when 
you can dispose of it at a fair profit and load it right from the presses 
to the car, pieces and all; then you are relieved of a great deal of 
labor and trouble. 

Yield of Cake and Meal. -I?y reference to Table 3, it will be 
seen that the average yield of cake and meal per ton of seed, as 
ascertained by the olTicial investigators of the XII. Census, is 713 
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pounds, this figure being the average of yields obtained in the differ¬ 
ent States of the cottonseed-producing territory of the United States, 
ranging from 800 jiounds in Florida, Kansas, Missouri, and Illinois, 
which with the exception of Florida raise no cotton and treat only 
seed imported from other States, to 670 jiounds in North Carolina. 
The average yield of 670 pounds of cake and meal per ton of seed 
amounts to 35.7 per cent. 

Classification. - Rules for the government of transactions in 
cottonseed products require a ton of cottonseed-meal to be 2000 
pounds unless otherwise stated. \ sack of cottonseed-meal is 
100 pounds gross weight. 

Cottonseed-meal is graded and classed as follows; 

Choice .—Must be the product from choice cottonseed-cake when 
finely ground; must be perfectly sound, sweet, anil light-yellow color 



Fig. 56 .—Cake-breaker—Interior View, 


(canary), free from excess of lint and hulls. Analysis must show 
at least 8 per cent, ammonia. 

Prime .—Must be made from prime cake, finely ground, of sweet 
odor, reasonably bright in color, yellow, not brown or reddish, and 
free from excess of lint or hulls, and by analysis must cof.tain at 
least 8 ])er cent, of ammonia. 

Off .—.\ny cottonseed-meal which is distinctly deficient in any 
of the requirements of prime quality, cither in color, odor, texture, 
or analysis, or all. 

When off meal is sold by sample, delivery shall equal sample 
in every respect except in ammonia test, and shall not be rejected 
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if the meal delivered tests not more than one-half of i i)er cent, less 
ammonia than the ammonia content of the sample, but shall be 
reduced by a corresponding per cent, of the contract price; other¬ 
wise it can be rejected outright. 

Cottonseed-meal shall be packed in good, sound cental or laplata 
bags, either new or second-hand (e.xcept where otherwise sti[)iilated 
for packages designed for ex[)ort in kilo or other bags), 100 i)ounds 
gross weight; which must be well sewed and in good shipping order 
Vind bear a shipping-mark or a brand. 

Composition. —Cottonseed-meal, as has been already explained, 
is the ground residue or cake left after the extraction of the oil by 
pressure. It is bright yellow in color when fresh, with a sweet, 
nultv llavor, but becomes iliscolored and deteriorates with age. 
The black specks seen in some samples show either an accidental 
impurity or an intentional adulteration with hulls. Its compo- 
"tion dejiends upon the ((imposition of the seed and on the com¬ 
pleteness with which the hulls and kernels are separated and the 
oil expressed. Imiirovements in oil machinery have constantly 
reduced the percentage of oil left in the cake. 

The following table gives a summary of the results of over 400 
analyses of cottonseed-metil with reference to food constituents, and 
probably shows very accurately the average composition of decor¬ 
ticated cottonseed-meal as found in the American market: 


T.XULE 11. -FOOD CON’STlTfl-.NTS OF ('OTroNSl'.lCD-OlI, MK.\L. 
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Its composition with reference to fertilizing constituents is shown 
by the following summary of results of 204 analyses; 


TABLE 12.—FERTILIZING M.ATERIALS IN COTTONSEED-OIL MEAL. 



WattT. 

A^h. 

Nitrogen. 

Phosphoric 

Acid. 

Potash. 


I\r Cent. 

I\f Cent 

CtrCiiU. 

Per Cent. 

Per Cent. 

Minimum. 

4 .U 


^ 23 

1.26 

0.87 

Maximum. 

, ‘ 2.57 ' 

(>.()0 

8.08 

4.62 


Average. 

7 81 

«.95 

«.79 

2.88 

1.77 . 


Quality and Grading of Cottonseed-meal. —In the sale of a prod¬ 
uct wlioi-e commercial \alue is determined by chemical analysis it 
is naturally to be ex|)ected that more or le.ss frc(iuent contentions 
arise belween the buyer and the seller on this subject. These dif¬ 
ferences arise chiefly from the fact that different standards of quality 
are recognized by the ])roducer, the broker or middleman, and the 
buver. For a discussion of this branch of the subject of cottonseed- 
meal we can do no better than direct our attention to recent com¬ 
munications on this subject by Edwin L. Johnson to the Oil, Paint, ' 
and Drug Reporter: 

“Even with .sound seed there is a great variation in character 
of cake and meal, which is e.xceedingly embarrassing to buyers and 
causes great losses in the feeding of cattle. In view of the numerous 
grades of cotton and cotton-oil and the great help these grades arc 
to the buyers in selecting what they want, it is clear that only two 
grades, prime and off, of cottonseed-meal are not enough for either 
pre.sent trade or manufacturing conditions, and that the time has 
come when we should no longer turn out cottonseed-meal just as it 
ha])j)ened to run through the mill, but .should vary our methods of 
manufacture and mani[)ulation so as to make the meal conform to 
the object for which it is to be u.sed. For instance, what is needed 
for the mi.xers of feeding-stuffs should be of high protein content; 
what is needed for fertilizer-makers should be of high aivmonia 
content; and what is needed for the feeders of straight meal should 
be of lower jirotein and fat content so that it may be fed more safely 
with less waste and in greater cjuantities than at present. The mar¬ 
ket for cottonseed-meal is capable of a very great develo])ment if 






COTTONShED-OIL CAKE. 


153 


the meal itself is made more uniform and with reference to the uses 
to which it is to be pul. 

“The controversy between buyers and sellers is as old as time 
itself. This controversy has resulted in a peculiar situation in the 
cottonseed industry. The standards and rules upon which the 
American oil-mills sell are not those u])on which the foreiftn buyers 
buy. There are four .separate and distinct grades of meal made 
from sound decorticated cotton.sccd sold on the market. These 
•Aare; finst, meal containing 7^ per cent, ammonia, recognized by 
the laws of the Southeastern States and at the last convention 
of the Interstate Crushers’ Association; second, meal contain¬ 
ing 8 per cent, ammonia, recognized by the Interstate Crushers’ 
.Association; third, meal containing 52 per rent, combined fat 
and protein, used by the English buyers; fourth, meal containing 
58-60 per cent, combined fat and protein, used by the Continen¬ 
tal buyers. The foreign buyers hardly recognize the lirst two, and 
the Interstate Cxushcrs’ .As.sociation does not recognize at all the last 
two. The middleman has to buy on one set of standards and rules 
; and sell for e.\])ort on another. Hence great confusion and the 
refusal of many mills and buyers cither to sell or buy extejit uj)on 
sample or analysis. This is not a satisfactory state of alTairs. It 
results on the one hand that the foreign buyers want the meal to 
contain all the ammonia or protein and fat possible, with restric¬ 
tions on the amount of hulls, and on the other that the oil-mills 
want to make all the oil and cake they legitimately can from a ton 
of cottonseed. The oil-mills contend that any increase in amount 
of hulls lowers the ammonia content, and as they have provided an 
ammonia restriction on the meal, they have provided all the check 
that is needed on the amount of hulls in the meal, two dilTerenl re¬ 
quirements to accomplish jiraclically the same thing being unneces¬ 
sary. They are further opposed to lumping the fat and jirolein 
contents together in a standard, on the ground that the very object 
of the* oil-mill’s c.xistcnce is to get the oil out of the seed, and the 
more lhey*get out the larger their profits. .And so the contest 
goes on. 

“Now is any compromise possible? .After looking over the situ- 
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ation carefully I think there is. Compromise means concession on 
both sides. 

“The foreign buyers would certainly get in much closer touch 
w'ith the oil-mills if they would accept the ammonia basis without 
fat refjuirement for all except the very highest grade of meal, and 
might reasonably ask that an additional grade of meal be recog¬ 
nized by the Interstate Crushers’ .A-ssociation to take the place of 
their 52 ])er cent, combined fat and protein standard. Eight and 
a half per cent, ammonia meal would give them this, for it is cquiva^ 
lent to 43.77 protein, and the average fat of cottonseed-meal as it is 
made is higher than the 8.27 per cent, fat necessary to bring this to 
a total of 52 per cent, combined fat and protein. I suggest therefore 
doing away with the 52 per cent, (.ombined fat and protein standard 
and substituting in its j)lacc a grade re(|uirement of 81 per cent, of 
ammonia. If the foreign buyers concede this much, 1 sec no reason 
why the oil-mills should not recognize as the highest grade 60 per cent, 
combined fat and ])rotein, for it is a well-known fact that no oil-mill 
can make this highly concentrated meal without letiving a great 
dctil of oil in the meal in process of manufacture, and this being the', 
case, they might as well include the fat in this high grade and get 
pay for it as well as for the jerotein. A very little of good will and 
concession on both sides would [Hit our cottonseed-meal trade on a 
much better and more satisfactory basis and give us a single set of 
grades and rules instead of the present unsatisfactory and confusing 
double set. 

“Now, it is a well-known fact that the average oil-mill man wants 
to be troubled as little as possible with analyses of meal. Hence it 
would be well to have names for these grades. We might call the 
percent, meal ‘ Inferior’; the 8 per cent. ‘ i’rime’; the 8^ per cent. 
‘Choice, ’ and the 60 per cent, combined fat and jerotein ‘ Extra.’ But 
as the oil-mills would not want their meal discountenanced by such 
a name as ‘ Inferior,’ and as 7.J ]K‘r cent, ammonia meal is ])rifne, both 
by law' and .Association Rules in the Southeast, it would Ik- Ix'tt'''' 
to take a new name for the 8 ])er cent, ammonia meal-and call it 
‘Superior,’ giving the word ‘Prime,’ which is only a name after all, 
to the 7! ])er cent, grade, thus avoiding confusion and putting all 
the States on an criuality. The grades and names would then read; 
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“Prime cottonsccd-mcal, 7I per cenl ammonia (fat not inrluded). 

“ Superior cottonseed meal, S |)er cent ammonia (fat not included). 

“ Choice cottonseed-meal, |x.t cent ammonia (fat not included). 

“ Extra cotton.secd-meal, 60 i)cr cent, comliined fat and imotein. 

“,\n avernoe ton of seed T calculate would turn out ticcording 
to the way in which it was worked 925 lbs., 850 lbs., 775 lbs., 7CXD 
lbs. of meal in makinfr these grades. Hence the prices would vary 
and would soon be generally known and regularly (|Uoted. As ;i 
result the oil-manufacturer who cared to f.dlow up his cottonseed 
and his meal closely from week to week by analysis could select that 
one of these grades to make which best suited his seed, his mill, and 
his markets. The manufacturer who did not wish to do this need 
only as soon ;is he was well started on ;i new setison send atr average 
sample of his meal to some commercittl body to find out its classili- 
cation or grade and then sell by the grade name without troubling 
alx)ut analyses. 

“Tn conclusion I would again call the attention of our foreign 
friends to the fact that cottonseed manufacture in the United States 
)S a very complicated matter, as the differences in the raw jiroduct, 
seed, arc very great from season, climate, soil, and varieties in the 
cotton ])lant. They ought not therefore to be too hasty in attribut¬ 
ing bad faith or practice to the .\merican manufacturer. 

“(In the other hand, our mills should remember that the uses of 
cottonseed-meal are many, and in giving the buyer a larger choice 
of grades they arc enhirging their markets and promoting the con- 
stimption of one of their chief products.” 

Uses.— .\s will be seen by the preceding tables, cottonsced-me;d 
is pcxrr in carljohydrates (starch, sugar, etc.), but is rich in fat and 
protein (nitrogenous matter). In fact it is so rich in the latter 
constituent that it can be utilized to advantage as a food for animals 
only when mixed with some coarse fodder rich in carbohydrates, 
thus furriishing a more evenly balanced ration. 

M^^ln eomparative valuations of feeding-stuffs it has been found 
that cottonseed-meal exceeds corn-meal by 62 per cent., wheat by 
67 per cent., and raw cottonseed by 26 per cent. .As regards digesti¬ 
bility, cottonseed-meal compares very favorably with other con¬ 
centrated feeding-stuffs, as the following statement of the amounts 
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of digestible food ingredients in 100 pounds of meal will show; 
Protein, 37.01 jKTunds; carbohydrates, 16.52 pounds; and fat, 12.58 
pounds. 

Cottonseed-meal is extensively used as a fertilizer, and for this 
purpose the price is determined on the same basis as that used in 
calculating the value of other commercial fertilizers. It frc(iucntly 
happens, even in Northern States, that cottonseed-meal can be 
bought for less than its fertilizing value, calculated on the above 
basis. 

Although cottonsccd-meal contains considerable percentages of 
phosphoric acid and ])otash, a large proportion of which has been 
shown to be readily available to plants, it is chielly used as a source 
of nitrogen in fertilizers. Cottonseed-meal has given excellent 
results, esjjecially in the Southern States, as a fertilizer for sugar¬ 
cane, cotton, and corn. It has also been successfully substituted 
for barnyard manure in the culture of tobacco. 

While cottonseed-meal, as the above facts show, has high value 
when a[)plied directly as a fertilizer, a more rational practice is to 
feed the meal to animals and ajiply the resulting manure to the 
soil. From 80 to go ])er cent, of the fertilizing materials of the 
meal will thus be recovered in the manure, and additional benefit 
will be secured in the production of meat, milk, etc. 

Determination of Oil in Cottonseed-oil Cake.—Frecpient deter¬ 
minations of the amount of oil left in the cake should be made, not 
only for ascertaining the efficiency of operation of the fires-, but for 
ascertaining as well the absolute fiercentage of oil in the cake, as an 
ingredient of a marketable commodity. The same determination 
should be afiplied to the seed, which vary greatly in oil content, 
according to the season, degree of maturity, and geografihical 
origin. The firinciple of the determination is that of simple extrac¬ 
tion of the oil with petroleum ether, the evafioration of the ether 
extract, and the weighing of the residue. For this jiurpose'a variety 
of fat-extraction afiparatus are in use. The simple me\hod \.I 
fat extraction described as used for determining free 'fat in soap- 
stock is likewise applicable to fiowdered oil-cake. The apfiaratus 
is inexpensive, and the results, while not absolutely accurate, are 
sufficiently so for technical purposes. Instructions for using the 
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various forms of extraction apparatus are available in advanced 
treatises on chemical analysis. 

Cottonseed-hulls.—The hulls, as detached from the meats by 
the hullcr and separated from them by the hull and meat separator, 
constitute almost one-half of the weight of the seed. By reference 
to Table 3, this proportion for the entire cottonseed-producing ter¬ 
ritory is seen to average 943 pounds. The hulls are hard and dry 
and retain varying amounts of fuzzy lint that has escaped removal 
in the dclinter. They are so bulky as to make storage dilTicult 
and are liable to heat when stored in bulk. .\s fast as they accu¬ 
mulate it is customary to put them up into bags or bales containing 
100 pounds each. Analyses of hulls show them to be chiefly crude 
fibre and nitrogen-free extract matter, these two constituents, with 
water, constituting more than 90 per cent, of the hulls. Hulls, even 
from the same mill, however, vary' widely in composition, owing 
to imperfect removal of the lint or the adherence of more or less 
of the kernel. The following table shows the minimum, maxi¬ 
mum, and average composition of the hulls, compiled from 22 
analyses: ' 

TABLE 13 .—FOOD CONSTITUENTS OF COTTONSEED-HULLS. 


Fresh, or Air-dry, Material. 



Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 

free 

Extract. 

Fat. 


Per Cent. 

7-25 

16.7s 

11.36 

Per Cent. 

>•65 

4.4s 

2.73 

Per Cent. 

2.78 

m 

1 

Per Cent. 

35-75 

Per Cent. '■ 
12.41 1 

41.24 1 
34.19 

Per Cent. 

0.75 

5.41 

2.22 





Before the general recognition of the value of hulls alone, or as 
a diluent for richer food, as cottonseed-meal, for cattle, a large pro¬ 
portion of the amount obtained was used for fuel at the mills. 

The utilization of the hulls in the manufacture of paper-st6c_ 
is an industry of stupendous possibilities which has' not as yet 
emerged beyond the experimental stage. The suitability of the 
hull with the adhering fibre as raw material for certain grades of 
paper, notably blotting, board, and for mixing with other stock for 






COTTONSEED-OIL CAKE. 


159 


writing-paper has been demonstrated, but obstacles arising chiefly 
from inexperience in its treatment, loss in bleaching, and the use 
of machinery and appliances different from that required for wood- 
and rag-jrulp, delay a general recognition of what at no remote 
date will be regarded as a valuable paper sto.k. 

llockmeyer descrilres a jrrocess of treatment whereby cottonseed- 
hulls, cotton-waste, and other vegetable fibre may be decolorized 
and otherwise rendered lit for various uses and applications in the 
arts. 

The strengths of the solutions to which the material is subjected 
and which are given hereinafter in the detailed description of tlie 
jtrocess are particularly adapted for the treatment of cottonseed- 
hulls, and the various steps involved in the jirocess are therefore to be 
understood, with respect to composition of the solutions used, as 
ajiplying to the employment of cottonseed-hulls for a raw material. 

In carrying the jirescnt process into jiractical effect the hulls 
after having been ground by suitable means (and if other vegetable 
material is used this likewise being reduced to a comminuted condi¬ 
tion) are subjected in a proper receptacle to the action of an alkali. 
This alkali may be in solution, for the making of which commercial 
sodium or potassium hydrate may be used. This solution is prefer¬ 
ably a one- or two-per-cent, solution approximately, and it is preferred 
to pass live steam into the mixture from one or two hours, as may 
be found necessary. The alkttli serves not only to cleanse the waste, 
but to sai)onify and remove the oily matters that may be present, 
and tends to break down the intricate structure of the seed-shell 
particles disseminated as a result of the grinding operation through¬ 
out the mass. In this loosened condition such particles more read¬ 
ily and effectively undergo the subse<iuent decolorizing or bleaching 
process. If it is desired before jjassing to the next step to remove 
the oily matters, dirt, etc., taken up or rendered soluble by the alkali, 
the solution is then drawn oil atid the nitiss washcsl with water. 
Thc'waShcd hulls, etc., are now again mixed with a one-per-cent, 
alkaline solution which may, :is before, be made from sodium or 
potassium hydrate. The presence of this free alkali lends to pre¬ 
vent the contraction of the shell structure and the collapse of the 
fibre-tube of the cotton. Chlorin gas is thereupon passed through 
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the mixture until the hulls, etc., arc completely decolorized and 
bleached, it bi'ing desirable that the mass be kept in agitation while 
the gas is passing in, in order that all parts of the mixture may be 
reacted upon thereby. The chlorin will act on the coloring-matter 
of both the fibre and the seed-shell particles, as well as upon the 
alkali, it being therefore present during the decolorizing process in 
a nascent state. With the alkali the chlorin forms a .soluble com¬ 
pound, whicli with other soluble matter may, if desired, be removed 
before the subsc(|uent “souring” operation by removing the liquid 
from tlie bleached product and thoroughly washing tlie latter with 
water. The next stc)) in the treatment involves llic subjection of 
the chlorin-impregnated mass to a reagent or reagents capable of 
forming, witli the excess chlorin present, an inert compound with¬ 
out effecting the reaction or resulting thereafter in a [lermanent 
return of objectionable discoloration. Such a reagent is oxalic 
acid, and if this be used the bleaclied hulls are ne.xt thoroughly 
mixed with a solution of the acid and left for a period of thirtv min¬ 
utes to an hour, after which tlie ma.ss is thoroughly washed with 
water, yiedding the finished product. This is drained and may 
afterward be dried or not, as desired. 

Instead of the oxalic-acid treatment the hulls after bleaching 
may be first mixed with a one-quarter-of-one-])cr-eent solution of 
ammonia and then with a one-ciuarter-of-one-per-cent solution of 
carbonate of soda. 

The strengths of solutions given have been found to }icld good 
results in practice, although, of course, Bockmeyer does not limit 
himself to the exact percentiiges specified. Moreover, while .solu¬ 
tions of the specified .strengths have been used for the treatment o{ 
cottonseed-hulls with the result of obtaining a clear white highly 
absorbent fibre free from spots and discoloration, in the event of 
employing vegetable materials or lilire of other characters, experi¬ 
ence has demonstrated that the jierccntages specified Should be 
somewhat modified to secure the best and most commercia'lly sWis- 
factory product. 

A more extended preparation of the hulls for feeding purposes 
consists in grinding and bolting, the finished product resembling 
linseed-meal in appearance. This product is mixed in varying 
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proportions with cottonseed-mual and sold under the name of cotton¬ 
seed-meal bran as a combination food, analysis showing that in 
its essential nutritive ingredients it is superior to wheat-bran. 

Cottonseed-hull Ashes. —Cottonseed-hull ashes have been on the 
market since 1880 and have come into great demand as a cheap 
potash supply, especially among tobacco-growers. The quality of 
these ashes varies greatly on account of impurities introduced, 
principally by the use of other fuel, with the hulls. The following 
table gives a summary of 185 analyses of this material: 


TABLE 14.—FKKTILI/.I.N'C. C( ).\STlTIT,\'rs IN C( )TT()iNSIT;I)- 
llfLI. .\SH1.S 




rii..s 

1 

Linif 

Mam- ^ 



Water. 

phi'iic 

A. 1.1 

r.dash 

iii'sia 1 

Ac 1(1. 


i'.Ff .>,! ■ 

/’cr( ,)i! 

!\r< .III 

l'.r( .n! 

Per < \ nl 

Pcr(-int. 

Miruinuni. 

0 -S 

~ V 

702 

0 cS^) 

] 

1) 




1 11 7 


17 1 > 

!».«? 

11 ^0 

Avcm^'c. 

t).00 

il.OS 

2:i.4(i 

s.s:» 

1 lO.,'.' 


The i)otash e.vists largeh as c.irbonate, which is readily avail¬ 
able to plants, but there i^ abo a considerable percentage of silicate 
of potash which is difficulty aiailalile. The \alue of cottonseed- 
hull ashes depends almiKt evdusively upon the amounts of [lotash 
and phosphoric acid they contain. 







CHAPTER IX. 


MANUFACTURE OF OLEOMARGARINE AND LARD-COMPOUND, 

Utilization of Cottonsced-oil for Edible Purposes, Manufacture of Oleo- 
stearin and Oleo-oil. Manufacture of Neutral Lard. Manufacture of 
Oleomargarine: Historical; Apparatus; Ingredients; Use of Cottonseed- 
oil; Procedure of Manufacture, Manufacture of Lard-com[X)und; Ingre¬ 
dients; Manufacture of Lard-stearin. Mixing. Some Fertilizer History. 

Utilization of Cottonseed-oil for Edible Purposes. —The perfect 
edibility of refined coltonsccd-oil permits its use for every purpose 
for which animal fats are commonly used. Its most important use 
for edible purposes is in the manufacture of :i substitute for the fat 
of swine, or lard. This substitute has come to be known as lard- 
compound. It consists of summer white cottonseed-oil and oleo- 
stearin mixed in various proportions, and sometimes with a small 
percentage of genuine lard. The use of next importance is in the 
manufacture of a substitute for butter. This product is commonly 
called oleomargarine. It is made in various grades according to 
the proportions of the different ingredients used. The character¬ 
istic ingredients arc oleo-oil and neutral lard, with varying amounts 
of summer yellow cottonsced-oil according to the quality of the 
finished product, together with milk, salt, and coloring-matter. In 
grades of superior quality some butter may be used. 

Important direct uses of refined cottonsced-oil arc: as a table 
or salad oil, for which winter yellow oil is commonly used; for pack¬ 
ing sardines, for which summer yellow oil is used; and as a com¬ 
plete or partial substitute for many purposes for which olive-oil is 
used. 

Manufacture of Oleo-stearin and Oleo-oil. —Olco-stearin is the 
base of lard-compound; oleo-oil with neutral lard is the base of oleo¬ 
margarine. They are obtained from choice beef fat by a process of 
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hcatpg the finely divided fat in open kettles, removing and wash¬ 
ing the liquid fat to separate the tissue; then crystallizing the fat 
and subjecting it to pressure whereby the olco-oil separates as a 
liquid, eaving the stearin as a solid fat. 

After the animal is slauglitered the fat is removed and placed 
in a vat of warm water, where it is thoroughly washed to remove 
blood and adhering impurities. It is then chilled and hardened 
with a bath of ice-water, after which it is finely comminuted by 
cutting-machines and melted in steam-jacketed caldrons at a tem¬ 
perature of about i6o° Fahr. Slowly revolving agitators keep the 
fat moving until the melting process is complete, when the whole 
is allowed to settle. Fig. 58 represents a car of comminuted fat 
from the cutting-machine being dumped into the melting-kettle. 
The settling process is accelerated by the addition of salt, which is 
scattered over the entire surface of the liquid and settles the fibre 
or “scrap” to the bottom, .\fter the first settling the clear oil is 
carefully siphoned to a second series of jacketed caldrons, usually 
on the floor below, where more salt is added, and the temperature 
• controlled until a second settling is completed. This demembran- 
ized fat is now siphoned into mounted vats and allowed to stand 
from three to live days in a temperature favorable to the crystalli¬ 
zation of the stearin, a part of which forms a crust over the top and 
the remainder settles to the bottom, leaving the clear oil between. 
It is a common phenomenon in the crystalliza ion of various sub¬ 
stances whose specific gravity is not greatly in excess of the mother- 
liquor that, cooling first at the top, a portion of the substance which 
is being crystallized out forms a crust over ihe surface and the 
. remaining portion is precipitated. When the vats have s.ood the 
required time the crust is broken into fine particles and the whole is 
given a thorough mechanical mixing, which leaves it of a mushy 
consistency. It is then wheeled to a revolving table surrounded 
by skilled workmen, who wrai) the mixture into small packages 
witTrtiinvas cloths, each containing about three pounds, which 
are built info the presses. The oleo-oil is then separated by great 
pressure, slowly and gradually applied, and flows from the presses 
into a large receiving-tank on the floor below, from which it is piped 
to the oleomargarine department or is drawn into new oak tierces 
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and allowed to harden in preparation for shipment to independent 
manufacturers or for export. Fig. 59 shows two pres-.es, one filled 
4nd the other in process of being filled. 



All manufacturers of oleo-oil follow substantially the method 
above described, but the system of grading and the character of 
the fat selected differ greatly. The number of grades manufac¬ 
tured is from three to five, and when the market is active and [irices 
are high, about all the fat taken in slaughtering, both from cattle 
and sheep, is worked into one grade or another. The oil made 
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froi^i sheep fat cannot be neutralized. It retains the characteristic 
odor and ilavor of the animal to such degree as to he unfit for the 
oleomargarine demanded in American markets. It is exported to 
Europe, where there is demand for cheaper oils. With the beef 
fats the character of the animal from which they are taken is the 
most jiotent factor in the sclcftion. Some manufacturers work 
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into their highest grade of oleo-oil practically all the fat taken from 
a good steer and make one or two lower grades from the fat of 
cows and “canners.” Other manufacturers make their highest 
grade from the caul and other selected fats of the best beeves, using 
certain ‘intestinal and other lower forms, together with that taken 
fre.m .poorer animals, in making from one to three lower grades. 
The quantity of oleo-oil obtained by the process described is, by 
weight, about 50 per cent, of the fat treated. About 28 jier cent, is 
stearin and the remainder is shrinkage. The quantity obtained 
from each beef is difficult of exact determination because it varies 
SO greatly with size and condition of the animal when slaughtered. 
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Manufacture of Neutral Lard. —Neutral lard is composed o(the 
fat derived from the leaf of the slaughtered animal, taken in a per¬ 
fectly fresh state. Two grades are made—-one from the leaf, the 
other from the back fat of the hog. Its manufacture is almost exclu- 
si\'ely confined to large packing-houses, but there are independent 
manufacturers of oleomargarine located near the packing centres 
who prefer to buy the fat as it is taken, from the animal and work 
it into neutral by their own process. In the packing plants the leaf 
fat is taken from the animal immediately after killing, hung on 
mounte<l racks, and wheeled into refrigerators to remove as quickly 
as possilile all animal heat. It is ne.vt chopped finely or reduced to 
pulp by machinery and melted in jacketed kettles exactly similar 
to those used for olco-oil. When the melting process is complete 
it is allowed to settle, the ()recipitation of the fibre being accelerated 
by the addition of salt as in the case of oleo-oil. .Xfler the settling 
process the clear oil is siphoned to a receiving-tank, and what is 
not used in oleomargarine is ticrced for shipment. \ good (juality 
of leaf fat will produce by careful handling about 90 per cent, of 
its weight in neutral, and each animal will yield an average of eight 
or nine pounds. Comparatively little neutral is made from back 
fat. The amount used, however, depends much on the relative 
demand for neutral and ordinary lard products, as it is sometimes 
more advantageous to work fats into one form than another. The 
oil made from back fat retains more of the flavor peculiar to lard 
and, like the lower grades of olco-oil, is less free from stearin or 
other undesirable constituents. Some packing-houses mix a small 
per cent, of back fat with the “leaf” in making their highest grade 
of neutral, and oleomargarine manufacturers sometimes use both 
grades of the finished oil in combination. The dilTcrcncc in price 
between the two is usually slight, and neutral made exclusively 
from “leaf” is generally sought. Independent manufacturers of 
oleomargarine, who make their own neutral lard, give the fat a more 
extended treatment than that described as the process of the paCitbrs. 
In addition to the separation of the fibre by the procesk of settling 
the clear oil is drawn into a large vat of salt water at a low tem¬ 
perature, where it is again chilled and hardened, and is allowed 
to remain for several hours. It is then placed on shelves to drain 
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and is again melted when ready for churning. This treatment 
carries the neutralizing process to a higher degree of perfection 
and im])rovcs the le.xture of the oil. 

Manufacture of Oleomargarine. — II hlorical. — Oleomargarine 
was first manufactured in France. In 1869 the French war office, 
at the instance of Napoleon III., who was desirous of discovering 
a substitute for butter that would keep longer and also increase 
the dietary of the poor, offered a prize for the best substitute for 
butter, which was won by M. Mdge-Mouries, a Parisian chemist. 
After a scries of observations and experiments, M6ge-.Mouries 
was persuaded that the butter fat camtained in milk w;ts absorbed 
from the animal tissues of the cow, and his attention was tlien 
directed to the discovery of a process that would sei>;intte from 
beef fat the oil similar to that in milk. The method finally devised 
by him for the manufacture of oleo-oil (called then oleomargarine 
or oleomargarine-oil) was to heat finely minced beef fat with water, 
carbontite of potash, and small fr:tgments of fresh stomachs of 
sheep, to a temperature of al)Out rr5°Fahr. The influence of the 
heat, together with the ])cpsin contained in the sheep’s stomach, 
separated the fat from the cellular tissue. This fatty matter was 
then removed tind when cool wtts subjected to hydrtiulic pressure 
sufficient to separate the stearin. The oleo-oil \v;is then cliurncd 
with milk ;ind water in the proportion of ten pounds of oleo-oil to 
four pounds of milk and three pints of water. The resulting com¬ 
pound was washed tind declared ready for use. 

Apparatus.—In the manufacture of olecrmargarine so much 
depends on the handling of the constituent oils and the manipu¬ 
lation of the temperatures by which they arc surrounded through¬ 
out the different sltigcs of the process, that ecpiipmcnt for live steam, 
ice-water, and refrigeration is the indispensable requisite of every 
establishment. Aside from this, the equipment consists principally 
of power machinery, viz., melting-tanks, mi.xing-tanks, milk recep¬ 
tacles, churns, and machine butter-workers. The butter-workers 
are such as are used in creameries throughout the United Slates. 
In some factories the churns arc similar to those used in creameries, 
but oftener they are large, upright, jacketed caldrons in which the 
milk and color, usually annatto or saffron, are mixed with the melted 



i68 


COTTONSEED PRODUCTS. 


oils by a violent churning or stirring produced by revolving or rota¬ 
ting agitators inside. By the introduction of steam into the jacket 
the operator controls the temperature and the degree of liquefaction 
until the churning process is complete. By the same means any 
considerable (juantity of oleomargarine is prevented from congealing 
on the side of the churn while the contents arc being dr \vn off. 

Ingredients. —'I'he number and character of the ingredients of 
oleomargarine make them susceptible of almost an infinite number 
of combinations, and each manufacturer has his own w'orking for¬ 
mula. So much depends on the handling of the oils and the regu¬ 
lation of temperatures surrounding them at each successive step 
that different manufacturers using the same quality of ingredients 
in similar combination will secure vastly different results. formula 
for each of three distinct grades of oleomargarine, of general manu¬ 
facture, is given below to show the use of different ingredients and 
their variation in quantity. 

Formula i.—Cheap Grade. 


Potmtls. 

Olco-oil. 495 

Neutral lard. 265 

Cottonseed-oil. 315 

Milk. 253 

Salt. 120 

Color. 1 1 


Total. i,4Sii 

will produce from 1265 to 1300 pounds of oleomargarine. 

Formula 2.— Medium High Grade. 

Pounds. 

Olco-oil. 315 

Neutral lard. 500 

Cream. 280 

Milk. 280 

Salt. 120 

Color. ‘ ij 


Total. 1.496J 


will produce from 1050 to 1080 pounds of oleomargarine. 
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Foemula 3.—Hic.it Grade. 

Pnutuls 


Oleo-oil. 100 

Neutral lard. 130 

Butler. 93 

Salt. 32 

Color. 1 

Total. 357 1 


will produce about 352 ])oiin(ls of oleomargarine. 

Use of Cottonseed-oil. — Summer yellow (ottoiv.eed-oil i'. used 
as a ])artial sub>litute for oleo-oil or neutral lard. It ne\er fully 
replaces them, but is added to some combination of iIiom- two ingre¬ 
dients to cheapen the i)ro<!uct. It is a li(|uid within the range of 
temperature to which butler is exposed, and its use is, therefou-, 
limited to such a proportion in any formula as will not soften the 
product beyond the usual consistency of butter. 

Aside from the consistency of the product, a loo-pronouneed 
flavor of the oil is the greatest restriction to its use. To make a 
’high-grade oleomargarine it is absolutely essential that all its con¬ 
stituent oils respond fully to the neutralizing treatment by which 
their charac teristic odors and flavors are removed, so that they will 
lake on the flavor of butter from the aromatic principles of the milk 
or cream with which they are churned. 

Procedure of Manufacture.— In plants where both oleo-oil and 
neutral lurd arc purchased for use, melting-tanks are provided for 
each, in which they are melted separately after being taken fronr 
the tierces in which they are shipjeed. They are then piped or 
pumped to a mixing-tank mounted on weighing-scales, where the 
exact pro])orlions demanded by the working formula are ascer¬ 
tained. If cottonseed-oil is reejuired by the formula, a separate 
tank for it is usually icrovided. If butter is to be used instead of 
milk or’ cream, a separate melting-tank is also provided for that. 
After the oils are melted and weighed into the mixing-tank together, 
the mixture’ is piped or pumped into the churn, where it receives 
the milk and coloring-matter. The whole mass is then churned 
together. In the packing-houses litjuid oleo-oil and neutred lard 
arc piped from the oil-room direct to the weighing-tank. After 
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churning, the liquid oleomargarine is allowed to flow into a vat of 
ice-water, which chills and hardens it before crv’stallization' can 
take place. It is next shovelled into mounted cars and wheeled 
to the “tempering-room,” where it stands for several hours, until 
sufficiently softened for the machine butler-workers. After the 
salt has been worked through it, it is put up in the different forms 
demanded by the market, and is stored in refrigerators to await 
shipment. Fig. 60 represents an actual scene in the churning- 
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room of a large factory. At the left of the picture is seen a (juantity 
of oleomargarine which has just been taken from the chilling-vat 
after churning, and is ready for the “ tempering-room..^l the 
right the contents of a churn arc being drawn off into the chilling- 
vat. The pipe descending from the ceiling brings a stream of ice- 
water from a reservoir above into immediate contact with the stream 
of liquid oleomargarine for the purpose of chilling it as quickly as 
possible. Fig. 61 represents the working and sailing process, and 
Fig. 62 a scene in the preparation of the finished product for m.irket. 









OLEOMARGARINE AND LARD-COMPOUND. 


171 

While there is a substantial uniformity in the process of manu¬ 
facture, there is great diversity in the grades and combinations of 
material used and C()nse(iuently in the character of the finished 
article. The cheapest grades of oleomargarine found on the mar¬ 
ket are made from the lowest grades of oleo-oil and neutral lard, 
to which is added the limit of cottonseed-oil, and the whole is churned 
with skimmed milk or buttermilk, salted with common salt, and 
colored with the cheaper grades of coloring-matter. These low- 



Fig. Oi.—Working it.tl S.iliin^ I'lokfb'- C hurning and Tempering 


grade oils may be manufactured from “scrap” fat and made firm 
by the, addition of more stearin or other similar substances so that 
a greater projiortion of cottonseed-oil can be added to the com¬ 
bination. ^Sometimes glycerin is added to give the jiroduct a 
glossy appearance and sugar or glucose to sweeten or give texture. 
The highest grades are made from pure oleo-oil and neutral lard 
of best quality, churned with whole milk, cream, or creamery but¬ 
ter, salted with Ashland salt, and colored with annatto or other 





172 corroNSELi ) products . 

coloring-malter. The number of grades manufactured varies from 
two to six. 

Manufacture of Lard-compound — Ingredients. — The ingre¬ 
dients of lard-compound arc summer white cottonseed-oil and oleo- 
stcarin. To this admixture may be added varydng amounts of 
genuine lard; the oleo-stearin may also be replaced in varying 
amounts by lard-stcarin. 

Lard-stcarin used in lard-compound is made, as a rule, from 



Fk.. 02.—Tacking Oleomargarine for Market. 


prime steam lard, which is defined by the Chicago Board of Trade 
as solely the product of the trimmings and other fat parts of hogs, 
rendered in tanks by the direct application of steam and'without 
subse<iuent change in grain or character by the use of agitators or 
other machinery. Prime steam lard may be greatly Improved in 
Cjuality by washing with water containing sodium chloride and 
sodium carbonate and settling and then bleaching the lard thus 
purified with fullers’ earth. The proportions of the ingredients 
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of lard-compound arc various according lo th« quality of tlic product 
desired, the competing prices of raw materials, and the setison, 
whether summer or winter. Of olco-stearin or lard-stearin, or 
mixtures, 20 to 30 per cent,, and of summer white cottonseed-oil, 
70 to 80 per cent., are the proportions commonly used. The admix¬ 



ture of kird of any given (juality is a matter dependent on mtirket 
conditions and the judgment of the manufacturer. 

Manufacture of Lard-stearin,— Lard-stearin is made in the same 
general manner as oleo-stearin. The process of manufacture as 
described in Bull. 13, U. S. Dept, of Agriculture, is as follows; The 
prime stcant lard, if i)roperly crystallized and of the right tempera- 
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ture (45° to 50° Fahr. in winter, 55° to 65° in summer), is sent at 
once to the presses. If not j)roperly grained it is melted and'kept 
in a cooling-room at 50° to 60° Fahr., until the proper grain is formed. 
The lard is then wrapped in cakes with cloth, each cake containing 
ten to twenty pounds. The cakes, separated by iron plates, are then 
placed in a lard-prcss (Fig. 63). These ])resscs arc sometimes 40 to 
50 feet in length, and when first filled 12 to 18 feet high. Pressure 
is applied very gradually at first by means of a lever working a cap¬ 
stan, about which a chain is wrapped, attached to an upper movable 
part of the press. The oil expressed, prime or extra lard-oil, is 
used for illuminating and lubricating purposes. The resulting cake 
is lard-stearin. It contains about 0.5 per cent, of free fatty acids 
(less than lard-oil) and crystallizes in long needles, making the 
texture of the cuke tough. 

Mixing.—The mixer is a cylindrical tank of suitable capacity 
containing a vertical shaft, provided with horizontal arms and 
driven by belt from shafting. The ingredients in the liijuid state are 
run from the respective storage-tanks to an intermediate weighing- 
tank and weighed, according to the formula, and are thence rua 
into the mixer. The temperature of mixing should not be greater 
than is sufficient to keep the ingredients in a liquid state and may 
run from 120° to 160° Fahr. When thoroughly mixed, the com- 
jiotind is run to the lard-cooler, where it is chilled, and thence into 
cans and tierces for market. The lard-cooler comprises essentially 
slowly revolving cylinders within wdiich cold brine circulates. The 
liquid compound is allowed to flow upon the moving cylinders which 
are supported over a pan and dip into the liquid collected in it. 
By regulating the flow of the litjuid compound and the temperature 
of the brine, the cooling process may be made very rapid and con¬ 
tinuous. 



CHAPTER X. 

MANUFACTURE OF SOAP AND SOAP-POWDER, 

Utilization of Cottonscrd-oil in Soaji Manufacture. Factor)’ Equipment. The 
Soap-kettle. Caustic-lye Tanks. The Soap-pump, The Soap-crutcher. 
The Soap-frame. Slabber and Cutting-table. Drying of Soa|) Dry- 
room. Pressing Soap. Theory of Saponification. Soap-manufacturing 
Processes. Characteristics of Cottonsccd-oil as Raw Material for Soap 
Manufacture. Settled Soap. Manufacture of Settled Sna[). Slock 
Change. Rosin Change. Strengthening Change. Finishing Change. The 
Nigrc. Crutching and Framing Soa]). Manufacture of Soap from Cotton¬ 
seed-oil Soap-stock. Manufacture of Soap-powder. Mixing and Framing. 
Grinding Soap-powder. Packing Soap-powder. Continuous Method. 

The Utilization of Cottonseed-oil in Soap Manufacture. —The 

proportion of refined cottonseed-oil unavailable for edible pur¬ 
poses varies within wide limits (from 15 per cent, to 65 per cent.) 
owing to varv’ing t|uality of the seed and to varying skill employed 
in their manipulation. This grade of oil is available for numerous 
industrial puqjoses, chief of which is soap manufacture. For this 
purpose it has to compete in price with animal fats. It is an excel¬ 
lent soap-stock, clean, uniform in finality, easily handled, and possesses 
qualities when transformed iirto ti detergent that admirably adapt 
it for admixture with tiie firmer glycerides of animal origin. For 
’the manufacture of certain kinds of soap for industrial or mill use, 
it is frequently used without admixture with other stock, but for 
laundry and toilet soap, best results arc obtained when used with 
either tajlow, or cocoanut-oil, or both. To make a description of 
the use of cottonsecd-oil in the soap industry of piactical value, it 
will be necessary to give a more or less thorough discussion of the 
procedure of soap-boiling itself. 

Factory Equipment. —In itursuancc of a strong economic ten¬ 
dency hastened by keen competition, recent years have witnessed 
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a general unification of productive efforts in all the manufacturing 
arts. In the cottonseed-oil industry we find this tendency e.’tprc'ssed 
logically first in the elTort to control the supplies of cottonseed by 
the crushers; ne.xt a co-operative effort among crushers to more 
economically iiroduce the various jiroducts obtained by refining. 
Consumers of refined cottonsecd-oil, notably the meat-packing and 
provision establishments, where c()n.suiTi])tion has been of suffi¬ 
cient volume to warrant the undertaking, have engaged in tlie 
crushing and refining of cottonseed-oil. Numerous firms in the 
soap industry likewise have become interested in cottonseed-oil 
manufacture. On the other hand, cottonseed-oil producers, cog- 
ni/iant of a growing domestic and export market for the conimodilies 
of which their product forms an essential ingredient, liave under¬ 
taken the manufacture of the.sc commodities themselves, and in 
many instances throughout the oil-producing territory with signal 
success. We have already dwelt upon tlie jirocedure and equip¬ 
ment required for the manufacture of oleomargarine and lard com¬ 
pound. .\t this jilace our attention is directed to the factory equip¬ 
ment essential to the utilization of cottonsecd-oil in tlie manufacture 
of soaji ;ind soap-powder. Soap manufacture as an allied enter¬ 
prise is one that may be readily annexed to cottonseed-oil refining, 
as it represents but a step further in the utilization of the jiroduct, 
and in manv cases factor)- space may be already available, or at any 
rate jirovided with but comparatively small additional outlay. 

The essential eiiuiiiment for .soap manufacture comprises ket¬ 
tles for boiling the soa]), tanks for melting caustic soda and storing 
the lye where this product is bought in the .solid state, a crutclier for 
mixing additional detergent matter with the soaji, frames for receiv¬ 
ing the mixed soa]) from the crutcher and in which it is allowed to 
remain until cold and firm, a slabber and a cutting-table for reduc¬ 
ing the mass of soap in the frame to a size reiiuired, wooden racks 
upon which the cut soap is allowed to remain until sufficiently dry 
to press, and a soap-press, with suitable dies, which may be operated 
either by foot-ixiwer or steam, whereby the cut and dried soa]) is 
reduced to any desired form. Where it is not convenient to run the 
soap directly from the kettle to the crutcher by means of a trough, a 
rotary jiuni]) will be reiiuired. This device is a common implement 



MANUF-iCTVRE OF SOAP AND SOAP-POWDER. 


77 


in the cottonsccd-oil mill and may be used with e(iual ease for both 
oil and soap. 

Storage tanks for waste soap-lye will be required, varying in 
number and capacity according to the amount of stock killed and 
the economy of treating the waste lye for the recovery of glycerin. 

The Soap-kettle. — The soap-kettle is similar* in construction to 
the cottonseed-oil refining-kettle and may be used for both soap¬ 
making and oil-refining. Agitation with air is unncccssarv. Heat¬ 
ing may be effected with either open or closed steam or both. With 
open steam alone, which is sulTicient for all reciuirements, the pipe 
may be either of the coil or criss-cross type, the latter being cheaper 
of construction and c(iually cllicient. The swing-joint pipe, used 
in the refining-kettle for the decantation of the clarified oil, also 
serves in the soap-kettle for running olT the settled, finished soap 
to the Crutchers. The capacity of the kettle is indefmitc; a small 
batch as well as the full yield of the kettle can be made with equal 
ease. A kettle 12 feet in diameter and 16 to 18 feet deep should 
yield at least 60 frames of soap, a frame holding, as a rule, not less 
than 1200 pounds. Under ordinary circumstances the soap-kettle 
should be jacketed to iirevcnt loss of heat by radiation during boil¬ 
ing and too rapid cooling during settling. Wood may be used for 
this purpose, with an air s])ace left between the jacket and the kettle. 
Asbestos covering is also coming into use. ^^any other consider¬ 
ations, especially when tlie kettles extend through two or more 
floors, require that the heat of radiation be lessened. 

Caustic-lye Tanks. —The manufacture of caustic .soda from 
soda-ash by causticization with quicklime has been already de- 
.scribed. Where conditions warrant the manufacture of caustic 
soda in this manner the caustic-soda liquor is transferred by pump 
or by gravity directly to the soap-kettle as required. Where caustic 
soda is bought in the solid form, usually in sheet-iron drums weigh¬ 
ing about? 700 pounds each, its treatment involves the removal of 
the sheet-iron envelope, the reduction of the .solid caustic to a con¬ 
centrated solution, and the dilution of the concentrated solution to 
the strength desired. For this purpose two tanks arc necessary, 
preferably of a rectangular cross-section and of a capacity in accord¬ 
ance with the amount of caustic used. In order to effect the most 
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convenient transfer of the caustic lye not only from the melting-tank 
to the storage-tank, but from the latter to the soap- or refining-kettle, 
the tanks should be located at a higher level than the kettle in which 
the caustic lye is to be used, thus permitting its transfer by gravity. 
The dilution of the concentrated lye discharged from the melting- 
tank into the storage-tank is most conveniently effected by connect¬ 
ing, bv means of a T and a valve, the water-pipe with the |iipe lead¬ 
ing from the lye-storage tank to the soap-kettle, by suitably regu¬ 
lating the volume of discharge of water and caustic lye, the latter 
may be diluted to any desired strength. 

The Soap-pump.—The common form of soap-pump is of the 
rotary tvpe and is characteri/.ed by one or more projections, acting 
as plungers, fi.vcd to an axle and revolving in a cylindrical case |)ro- 
vided with suitable pipe connections for the ingress and di.schargc 
of the matc.'rial moved. Rotaiy ]iump.s in general have a certain 
field, outside of which they arc not desirable, but within its limits 



Flc.. 64_Rdtary I’uinp. 


they have most decided advantages. A rotary pump is hardly suit¬ 
able as a fire-pump, as the pre.ssure in the discharge-pipe can hardly 
be raised to and sustained at 60 pounds; but rotary pumps have 
one great advantage, that with relatively little steam or power they 
will lift a large amount of licjuid against a limited pressure In Figs. 
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64 and 65 ri',s[K‘clivcly is shown the I'.xtcrior and inlorior conslruc- 
tibn of a common form of ])um|) of this ly[)c. 

The four valves, Fi;'. 65, (he vital ])art of the j)um|), are formed 
in two ptiirs, one valve liax inj^ two parallel arms provided with longi¬ 
tudinal ribs or tongues, and the other valve having two parallel arms 



Fici- 65. Rotary Pump—Interior Construction. 

provided with longitudinal de[)ression.s or grooves, forming slide- 
ways in which the ribs or tongues upon the arms of the other valve 
seat and travel. 

By this arrangement they are always kept in position to work, 
are self-adjusting, requiring no springs or cams to operate them what¬ 
ever, they being positive in their action, and are like two solid valves, 
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which prevent lateral motion, back-lashing, and from getting wedged 
in the slideways of the piston. 

These two pairs or four valves are interchangeable, and the wear 
can be easily taken up by means of putting set-screws in the arms 
which arc of the same thickness as the valves. 

'I'he piston wliich carries the four valves and through which they 
slide back and forth during their operation is made wide at both 
ends and prevents it from breaking. 

This extra width of piston is taken up by two half-moon pieces, 
which conform to the inside of the shell, and are bolted on to each . 
one of the two heads of the shell. This ijrevents the valves from 
wearing against the heads of shell. The wear on the half-moon 
pieces can be easily taken up by removing them from the heads of 
shell and placing a strip of paper or other suitable packing between 
them and the heads of the shell. 

The shell has a removable plate or hand-hole. Fig. 64, whereby 
reach' access to all the working parts of the pump is possible without 
dismantling the jmmp or withdrawing the piston from the shell. 
All riUary pumps should not be located over ten feet above the sur- , 
face of the liquid to be jjumped, and should be placed preferably 
below the level in order that gravity may assist in the flow of the 
material to the pump. 

The Soap-crutcher. — The mechanical soap-crutchcr is an 
evolved form of the simple hand-crutch, which consists of a rod to 
one end of which is attached at right angles a short piece of wood 
or metal. By laboriously moving this device up and down in the 
mass of semi-lkiuid soap contained in a frame, cooling of the soap 
was hastened, whereby either separation of nigre was prevented or _ 
filling material was incorporated. 

The modern power-driven crutchcr consists essentially of a cylin¬ 
drical tank, as a rule of about 1200 [lounds capacity, made of sheet 
steel or boiler-iron, either plain or jacketed, and .supporting the 
driving-gear of the agitator. The agitator may be arranged either 
horizontally or vertically according as to whether the CTUtcher is of 
the horizontal or vertical type. The agitator consist of blades or 
arms securely attached spirally to the horizontal or vertical shaft. 
In the vertical type of crutcher agitation may also be effected by 
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of an extra pair of pulleys carrying a crossed belt. With the crutcher 
driven by the direct-connected engine reverse motion is effected' by 
means of a clutch. Reversing is necessary at times with thick, heavy 



Fk;. 67.—Soap-crutcher, Driven hy Diioct-coiuiected Engine. 

soap, and also to prevent splashing of the contents with rapid move¬ 
ment of the screw when cold-iirocess soa[) is made. 

The Soap-frame.- - .\ soa])-framc consists essentially of a ])lat- 
form called the frame-bottom, upon which rests the mass of soa]) 
and four upright movable sides which, in addition to being fastened 
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tightly together, must also be held or fastened tightly to the platform, 
the Vhole device being on wheels for convenience in moving. The 
modern frame of which a type is shown in Fig. 68 is usually of wooden 
ends with sheet-steel sides reinforced by angle-iion or V-shaped 
sheet-steel strongbacks, with a capacity of 1200-1300 pounds of 
filled .soap. The essential requirements of a soap-frame are strengdi. 



Yic,. 68.—Soap-frame. 


lightness, freedom from leakage, ease and ra])idity of stripping and 
setting up, and durability. The various styles made and used dilTer 
in construction and appliances designed to fullil the above require¬ 
ments. The most important dimension in a soap-frame is the width, 
for ujion tins depends largely the percentage of scrap soa]) obtained 
at the cutting-table. Frame ends and bottoms are of wood, and 
as a rule twice as many bottoms as sets of sides are required, .\fter 
removing the sides and ends, the soap remains on the bottom until 
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slabbed and cut; with an extra bottom the sides and ends may be 
in use again before the original bottom is available. 

Slabber and Cutting-table.—Mechanical slabbing devices con¬ 
tain the germ of the primitive system wherein a wire is drawn in 
parallel lines of uniform distances ajiart through the frame of soap. 
This system is yet followed in many factories and e.xists in various 
.stages of develo])ment throughout the industry. Where a large 
number of brands of \arious sizes are cut and from the same grade 
of soap, a hand-slabber, Fig. 69, lapresents the greatest practicable 
econotu). .An advance in elliciency of operation is indicated by 



Flo. 69. — Hand Soap-.slablKT. 


the use of slabbers of the type shown in Fig. 70. With a large 
volume of business the use of |)ovver-(lriven slabbers (of which there 
are several ly|)es) may be advisaljle. 

The ]Hirpose of the (utting-table is to reduce the slab, (ut as a 
rule to a thickness th;it corresponds to the width of the ctike, into 
the maximttni number of cakes with the least tunount of sc rtip. 
'J’his is elfectecl by metins of two cuttitig movements tit right angles 
to each other. 'Fhe general construction attcl ojvenition of the cut- 
ting-ttible, which m;iy be either hand- or jtovver-driven, is shown 
by the illustnition of a common form of table in h'ig. 71. The 
cutting heads, which consist of a frame of wood or iron supporting 
the cutting wires, tire removable, whereby the slab of scat]) .tntiy be 
reduced to cakes of vtirying dimensions, ticcording to the distances 
.separating the wires in the cutting heticls used, fn using the hand- 
driven c utting-ttible. Fig. 7t, the operator places the skib U|)c)n 
the table and by means of the htinclle that o|)erales the header forces 
the slab through the ftrst cutting head. .A second operator in turn 
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forces the shib cut lengthwise through the second cutting head and 
upon the racks i)laced ready to receive the soap thus cut into cakes. 
With the power-driven cutting-table the operation is continuous 


m^l 



Fu.. 70.—Soap-Blabber. 


and automatic, following the .same movements hen'inbefore out¬ 
lined. 

Drying of Soap.-- Freshly cut soap is soft, st cky, and o])aciue, 
and, if properly crutched, should Ite homogeneous. It (ontains 
from 30 to 35 [ter cent, of water, depending upon the manner in 
which the soap was I'mished, and up'on the nature of the addition 
during crutching. In calculation, 100 parts of neutral glycerides 
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arc considered to yield 150 parts of finished soap. An analysis of 
a pure curd soap at this stage presents the following data:’ Fat 
anhydrides, 61.80 per cent.; combined alkali, Na,(i), 7.21 percent.; 
water, 30.99 per cent. 

The presence of a greater amount of water than is here shown 
would lend to indicate an intentional addition, its incorporation 
being made po.ssiblc without e.xce.ssive softening by the use of soda- 
ash and sodium silicate. 

Previous to the introduction of the raiiid-drying api).vratus the 
moisture in the e.xterior parts of the bar was allowed to evaporat» 



Fit. 71. llUlIl^ 'I'.iltlr. 

siiontaneously. by this method the drying was an e.xlremely slow 
jirocess, and also \ery unsatisfactory in that the weather was the 
arliiter of the output. .\ sto\e in a dosed room was a great im- 
])ro\ement. This primitiie method, witlt its manifest disaihantages, 
was siuieedcd b} a .system of hot-air circulation liy natural draft. 
Stetim heat by 'imjile radiation from jiipes was also employed, and 
with the introduction of forced draft the elements of the system of 
drying at present in use were estidilished. 

The jutrjiose of the drying-room is to hasten the evaporation of 
water from the surface of the bar so that there may be formed a 
thin crust of com[)aralivcly hard soa[), which serves to retard 
further evaporation from the interior, and which allows the bar to 
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be pressed and stamped without the soap adhering to the dies. 
Without the formation of this skin of firm soap, the latter j)roeess 
is impracticable. On cutting a bar of soap into halves, this super- 
Ikial drying becomes plainly evident. The soap when removed 
from the drying room, and after |)res.sing, has a smooth, glossy, and 
translucent surface, which condition is in marked contrast to that 
observed at the cutting-table. During the drying proiess from 3 to 
5 per cent, of water has been expelled entirely from the surface of 
the bar, while the interior contains the amount of water originally 
■present, vi/., 30 to 35 per cent. 

The a])pearance of .soap is affected by the evaporation of water 
from within the mtiss, and by the absorption of water from without. 
Drying ensues at all limes, but diminishes as the dew point is ap- 
protiched when it teaches zero. Moisture condenses upon the sur¬ 
face or is absorbed at a rale increasing as the dew-point is reached, 
where the tendenc}' for any soap is at its maximum, ft caries with 
different sotip according to its slock and method of manufacture. 
It is greatest with olein stock, of wiiich c ollonseed-oil is the chief 
represenlatice, and rosin, and greater with soaji made bv the boiled 
than by the cold ])rocess. 'I’he “sweating” of soap is directlv as 
its solubility, and is least with soap made from linn stock. 

Tn the drying process air fulfils two functions: it carriers to the 
moist soap the heal necessary for evaporation, ttncl serves as a \chicle 
for the remoxal of \apor. 'I'he capacity of air for heat is very small, 
its s|iecilic heat being luit .238, xcith water as 1. Its capticity for 
capor tle|iencls directly upon its temperature and its relation to the 
dew-point, naturally diminishing as the point c'f saturation is reached. 
With rise of temperature the capacity of air for \a|)or gnxitlv in¬ 
creases. ft is eslimttlecl that air at 72° hah. has a threefold greater 
ca])acil} for \a]ior than the same colume ;it 42° Fah.; at 132“ Fah. 
its cajiacily has incretisc'd 20 times, while at 172° Fah. its capticity 
is more’lhan 80 times as great. Increase of temperature thus means 
the more rapid formation of vapc'r, with a much greater increase in 
the capacitc'of tiir for ab.sorliing it. .Add to this the rapid circula¬ 
tion of air, pre.senting to the moist surface at every instant an atmos¬ 
phere greedy for moisture, and the great convenience ttncl elliciency 
of artificial drying become evident. The essential rec|uirements of 
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the heating and ventilating apparatus of the drying-room are that 
it should provide a large volume of air at the re(]uisite temperature 
and maintained in rapid circulation. A comparatively low tem¬ 
perature, 80-100° Fall., is icroductivc of the best results. A tem¬ 
perature in e.xccss of 100° Fah., or air maintained at this temperature 
for any considerable ])eriod, is not only unnecessary but undesirable. 
At this temperature, if allowed to remain too long in the drying- 
room, the soap undergoes an appreciable .softening with the dcvel- 
0[)mcnt of more or less discoloration. The tem])eralurc at which 
soaj) will melt de])ends primarily upon the nature of the stock from 
which it is made and the ])ro])ortion of water willi which it is asso¬ 
ciated. In the drying of green soap it is desirable that the currents 
of warm air should circulate lengthwise of the bar, in order that the 
largest extent of evaporative surface may be e\])o.sed, and the dry¬ 
ing process thus hastened. 

.‘\side from the processes in the kettle, there is no stage in the 
manufacture of settled soap that requires greater care in its ojeeration 
than the treatment received in the drying-room. Improjcerly Vied 
sottp, while it may cause no great trouble in the jiress, is subject to 
ra[)icl deterioration in apjceiirance, and the intlitence of this one 
factor on its ultimate distrilnttion demands that its final treatment 
in the factory be the subject of the closest attention of the soap- 
maker. 

Dry-room.—The mechanics of the modern soa|>-clrying room 
represent more than the translation of a similar jirocess employed 
in other departments of industry than it does a ntitural ecolution 
from ]irevious efforts in this particular field. The use of the cen¬ 
trifugal fan in the ])roduction of artificial draft dates from the six¬ 
teenth century, Intt it w.is not until Stevens’ experiments in the 
early part of the nineteen'.') century that the dex ices for artillcial drtift 
resolved themselves into the two systems of ventihition we know 
to-day, vi/-., the jclenum and vacuum, or, resjiecticely, fofcecl and 
induced draft. These found their first applicaition in the tiring of 
boilers. The use of centrifugal fans in this connection, however, 
languished at first, but with the growing demand for increased 
engine speed and higher steam jeressure their employment as a 
substitute for natural clraft in the combustion of fuel has become 
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almost universal. The ai)plication of the impro\cd fans in the 

’■eating and ventilation of large buildings was a natural stop. Con- 
idered more intimately in connection with the drying of soap, ven- 
ilating-fans may bo divided into two general classes, vi/.., the cen- 
rifugal fan or blower and the i)roi)eller or disc fan. The former is 
aore generally confined to ventilation l)y forced draft and is designed 
irimarily for removing air under pressure. Fans of the disc tyjw 
.re not adapted for plenum ventilation. They find an e.xtensive 
ISO and arc \'ery satisfactory for moving air under slight resistance. 

Both systems of ventilation, the plenum and the vacuum, are 
•mployed in the drying of soai). The e(|uipment of a drying-room 
indcr the [ilemim system coni])rises, as a rule, a centrifugal blower 
iperated cither by belt from shafting or liy direct- or lieh-connecled 
ingine and a sectional heater, which consists of steam-piiies enclosed 
n a sheet-iron case which i omniunicates with the discharge of the 
an-case. .\ir may either lie drawn through the heater and dis- 
■harged at the desired tempcriiturc into the drying-room, or the 
leater may be interposed and the air forced into the drying-room 
lirectly from the heater. .\s the results jiroduced are the same in 
)oth cases, convenience of apidication will determine the arrange- 
nent. With forced draft the drying-room is so constructed that 
rcated air enters at one end and leaves at the other, while freshly 
.-ut .soa]) is introduced from the side, and as the drying progresses 
t is drawm towards the clllu'; of heated air and is finally removed at 
.he o])posite side. The heater and fan may be placed at oiiposite 
mds of the room and the fan employed to exhaust the warm and 
Tioisture-laden air. W ith this arrangement we have an example 
.)f the vacuum system, or drying by induced draft. The use of a 
[an of the centrifugal type is now not desirable. The cheaper and 
iinijiler disc fan set in the framework of the wall is, with this 
.irrangement for the drying of soap, e(|ually cnicient and satisfactory. 
The hoPblast drying ai>paratus, although compact, occupies valu- 
iblc space. The exhaust-steam connections with the necessary 
.nsulation arc simple and easily made. 

By distributing the pipes of the sectional heater throughout the 
drying-room in rows parallel to the trucks of soap, and under open¬ 
ings immediately above for the admission of cold air, not only is 
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greater uniformity of the drying process obtained, but the use of 
the cheaper disc fan, which is admirably adajrted for this type of 
ventilation by exhaustion, is permitted. Exhaust-steam connections 
are made through the floor, and by means of suitably placed \alves 
steam may be cut off from any section, thus varying the capacity of the 
drying-room at will. This type of dtydng-room equipment is in use 
in many of the largest soap-manufactories in this country, and cer¬ 
tainly represents un evolution in simplicity and cheapness of the 
forced-draft svstem of ventilation as applied to the drying of soap. 

Pressing Soap.— For ])rc])aring soaj) in the form in which it is, 
commonlv .sold a press and dies are necessary. The most common 
form of the latter is the box die which is used unixcrsally for laun¬ 
dry soap. It consists essentially of a box in whidi the cake of dried 
soap is compressed by the ujiper and lower dies, the stationary box 
bolted through the lugs to the bcd-iilate of the ];ress, and the mov¬ 
able upper and lower dies constituting the mould. 'J'he fool-jjress 
shown in Fig. 72 provides a sudden and powerful blow upon the 
cake of dried soa]) ])laced in the box {)f the die with the thumb and 
index or second finger of the right hand, the left hand being used, 
in the same manner to remo\e the jiressed cake as it is forced out 
of the box by the ujiward movement of the lower the. I’ower is 
applied by the foot of the operator, and is aided by a system of 
counterpoised weights which after the blow has been delivered 
return to their original jiosition, at the same time cx[)elling the 
pressed cake of soaj) from the box. By reference to Fig. 72 it is 
seen that a foot-press consists essentially of a bed-plate suitably 
grooved for the firm clamping of the die-box, a movable plunger 
for the elevation and depression of the lower die, and a vertical 
shaft moving truly in a guide and to which is attached the shank 
of the upper die, the whole being supported by a substantial base 
with legs. By suitably adjusting the counterpoised weights the 
power of the blow can be adapted to soaj) of any texture or degree 
of firmnc.ss. The output of a foot-iiress dc])ends upon the shape 
and si/.c of the cake, the condition of the soap as to dryness, and the 
skill of the ofierator. One hundred boxes of one hundred cakes 
to the box, if pressed well, is considered a fair day’s work. Soap¬ 
pressing by manual labor is sulvject to many disadvantages, chief 
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of which is the common liability of the o[)crator to loss of fingeis 
through carelessness. Automatic power-presses are now success¬ 
fully used for this purpose, and with an output of sufficient volume 
and of uniform size are more economical. The following consider¬ 
ations arc important in determining the choice and use of a soa[)- 
press: retiuiremcnts of the factory as to amount and variety of out¬ 
put; ready adaptation of press to dies of different types; case of 
operation; noiselessncss; stability; the guide for the dies must be 
perfect to eliminate undue wear; and the arrangement for lifting 
the pressed cake from the die-box must be such as to prevent defac¬ 
ing the impression by too forcibly ejecting the cake against the 
U])per die. 

The Theory of Saponification.—Accurate knowledge of the 
chemistr)' of saponification dates only from 1813, at which time 
Chevreul determined the chemical constitution of fats and oils and 
the nature of the effects jiroduccd upon them by alkalis. Chevreul 
demonstrated that ordinarj’ fats and oils arc chemical compounds 
consisting of a base, glycerol, and of different acids, termed gcncri- 
cally “fatty acids,” but sjiccincally stearic, palmitic, and oleic,form¬ 
ing respectively in combination with glycerol, the bodies, stearin, 
palmilin, and olein. In aiiucous saponification, stearin, which may 
be taken as representative of tallow, yields 95.72 per cent, of 
fatty acids and 10.34 per cent, of glycerol through the absorption 
of 6.07 per cent, of water. These numerical relations will be plainly 
evident from the following e<iuations and iiroportions: 


Steann (Soo). Watt‘r(S 4 ). Glycerol (hj). Stearic aetd (.S52). 

C3H.(0-C„H„0)3 -f 3H3O - C,H3(0H)3 -1- 3C.3H3,03. 
Stearin (890) : glycerol (92) :: 100 : x; 

* = 10.337 +per cent, glycerol yielded. 

Stearin (890) ; stearic acid (852) :: 100 

* = 95.72 per cent, fatty acids yielded. 

This simple arithmetic lies at the foundation of the autoclave 
or digester processes for the manufacture of fatty acids for candle- 
stock. In saponification with alkali, the latter remains in com- 
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bination with the fatty acids and constitutes anhydrous soap. The 
pcrcgntaje-absoqhion of alkali and yields of glycerol and anhydrous 
soap are represented as follows; 


St(*arin (800). Caustic srxla (120). Glycerol ft>2) Smlium stearate (018). 

C 3 H,(()'Ci,H, 50)3 + 3NaOH - CjHsfOH), + 3C„H3502Na. 

Stearin (890) : Na stearate (918) :: 100 : .r; 
a;= 103.15 parts Na stearate from 100 parts of stearin. 

Stearin (890) ; caustic soda (120) :: 100 : 

r 

13.49 per cent, caustic soda required for saponification. 

Stearin (890) :: glycerol (92) ;; 100 : x\ 
x= 10.337 per cent, glycerol yielded. 

This simple arithmetic lies at the basis of the art of soap-boiling. 

Soap-manufacturing Processes.—Soaps arc most simply elassi- 
^icd according to tlie method of manufacture, whereby all soaps 
fall into two general (lasses, vi/., cold-process and lioilcd soaps. 
The latter class is again sulidividcd into sc:'ni-ljoiled and settled 
soaps. The terms “cold process,” “semi-boiled,” and “settled” 
arc applied not only to the method of manufacture but to the 
product obtained thereby. This dual classification has reference 
chiefiy to the degree of heat employed and secondarily to the 
time and simplicity of ajiparatus required. The three processes of 
soap manufacture will be discussed in the order of their simplic¬ 
ity of operation. 

■ A cold-[>rocess soap is one made by the thorough admixture 
cf the various ingredients at a temperature but little above the 
melting-point of the soap-stock. A semi-boiled soap is one that 
in the pcoccss of manufacture has not been grained. It differs 
essentially from a cold-[)rocess soa[) in the greater assurance of 
thoroughness of saponification made possible by the use of steam. 
A settled soap is one that has been grained, the term “settle” refer¬ 
ring to a final condition wherein the contents of the kettle are left 
in such a state that the impurities will settle out. As will be observed 
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in these definitions the idea of purification is paramount, and aside 
from the suitability of any one process for soaps of special character, 
the processes arc arranged in the order of the quality of the stock 
that is available for the most satisfactor}' results with each. As in 
the manufacture of colJ-process soap the finished product con¬ 
tains all the materials added, it is very essential for the most satis¬ 
factory results that the stock used be of the highest quality com¬ 
mensurate with the selling-price of the product. In the semi- 
boiled process, there may be a partial purification in the scttling- 
out of the nigre. Stock may be used for soap of thi^ class that is 
not available for cold-process soap. In the manufacture of settled 
soap every lyc withdrawn after graining represents a purifying 
process n the progress of a boil of soap; hence there is available 
for soap of this class, stock that coull not be usc;l in the manu¬ 
facture of cold-process or semi-boiled soaps. In the following 
table the most common soaps are classified according to the cus¬ 
tomary method of manufacture. 


Hcllttl I'rotcss. 


Somi-biiilfi!. 


Cold Process. 


Cheap loilel-soaps 
Cheap loikt-soaj) base 
Laundry'Soa]» chips 
Laundry soap 


Sofl soap 
Soap-powder base 
('heap toilel-soap 
Laundry uuip 
Scournifn^-soap base 
Textile soap 


Oraineil or Selllcd Process. 


L.iundry soap 
T(.)ilel-soaji base 
Soap-]><)\vder base 
S( ouniifi-soap base 
Floatm)’ soap 
“ boiled-tlown” so.ip 
I'extile so.ip 
Shaving-soap 


Characteristics of Cottonssed-oil as Raw Material for Soap 
Manufacture. —Kelined lottonseed-oil absorbs from 14.24 per cent, 
to 14.67 per cent, of 74° caustic soda. It liberates on saponifica¬ 
tion about 10 [ler cent, of glycerol. The glyceride olein, which is 
the characteristic ingredient of cottonseed-oil, liberates 10.4 per 
cent, of glycerol. Cottonseed-oil stqionifies best with weak lye, 
not exceeding 15° Ilf'., and then only after long boiling. It may be 
facilitated by mixing it with more easily saponifiable stock as tallow. 
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When treated alone, lyes exceedin;' 15" Re. will not combine until 
with the addition of water of condensation from steam the density 
of the lye is reduced to the re<|uisite strength. When mixed with 
tallow the usual procedure is to saponify or “kill” the tallow fir.st, 
leaving an excess of lye, and then add the oil. The wciik lye and 
the ])resence of killed stock facilitates combination and ])ermits the 
use of stronger lye than would be |)raclirable when killed alone. 
A firm, settled soaj' from cottonseed-oil alone is not ])racticablc. 
Soap made from jiijuid fats, or oils, i.e., from commercial glycerides 
of w'hich olein in characteristic, do not make a finished soap of hard 
body such a*-' can be obtained from stearin-containing fats like 
tallow; herec the most practical procedure for utilizing cottonseed- 
oil in soap rrcnufacture is in admixture with tallow or grease. The 
most satiskictory jiroportions are determined by the character of the 
soap desked and to the degree to which it is desired to add rosin. 
The influence of rosin in a soap is to lessen the cost, reduce the 
firmness, darken the color, and to increase the detergency, i.e., 
the solubility. The inlluence of cottonseed-oil is likewise to reduce 
the firmness and to increase the solubility of a tallow soap. Hence 
to produce a good, marketable gnule of rosin soap, the more cotton¬ 
seed-oil is used the less is it desirable to increase the proportion of 
rosin. With a glyceride base made u]) of 85 parts tallow and 15 
parts of cottonseed-oil, good results may be obtained for a cheap 
soap with the rosin percentage as high as 90. Beyond this with 
the proportion of oil used it is not advisable to go. As the projsor- 
tion of oil in the glyceride base is increased the proportion of rosin 
to the total base should be reduced. Experience shows that the 
use of olT summer oil in white soap, especially lloating, increases 
the tendency to discoloration. This is very likely due to the presence 
of impurities im[)erfectly removed in refining and to their prone¬ 
ness to oxidation. 

Cottonseed-oil is similar in its composition to olive-oil, both 
possessing olein as its characteristic ingredient; the properties of 
soap made from both oils are similar, and so far as actual deter¬ 
gent power is concerned, refined cottonseed-oil is an almost perfect 
substitute for olive-oil. 

The use of cottonseed-oil in cold-process soap is not recom- 



ig6 


COTTONSEED PRODUCTS. 


mended. From the nature of soap of this quality, saponification 
of the ingredients cannot be complete. The presence of free cotton¬ 
seed-oil in a cold-process soap on aging manifests itself by ran¬ 
cidity and more or less discoloration. In the manufacture of semi- 
boiled soap, cottonseed-oil finds a more favorable outlet. Boiling 
with steam makes thorough saponification possible; also owing to 
the cleanliness of the oil little impurity remains in the nigre. The 
semi-boiled process, however, is of limited application. It is in 
the manufacture of “settled” soap that cottonseed-oil is chiefly used. 

Settled Soap.—In the manufacture of settled soap three general 
methods of jirocedure may be outlined as follows: 


I 

11 


HI 

Operation 

Hv-pr< idvirt 

Operation 

H\ -product 

Operation 

Hy-product. 

Killed stork 

Stock Ivc 

Killed slock 

Stock Ive 

Jvtl!e<l t.tiJek 

Stork lyc 

StforiRth'd snap 

Strength lye 

StrePpth’d soap 

Strength Ive 

Kociilvd soap 

Rosin lye 

Seltk'il boap 


Pickled soap 


Streip'fliM hi>ap 


NlRff 


Pn kle he 


Strength lye 

Treated ninro 

Mi;;re Ivo 

S< tiled hi lap 

Nijire 

Settled soap 

Ni)ire 



Treated niRfc 

Nipre Ive 

Treated niRre 

NiRre he 


Procedure I is a more extended form of the semi-boiled process 
in that the soap is grained and strengthened, thus permitting com¬ 
plete saponification and the separation of glycerin in the waste lye. 
Procedure II is employed for the manufacture of white floating 
soap and of all detergents of whatever quality that contain no rosin. 
The greater jiart of the soap used is made according to jirocedure III. 

The Manufacture of Settled Rosin Soap. —The ([ualily of tallow 
slock used is determined by the grade of soa]) desired to be made;^ 
the proportions of tallow and cottonseed-oil are determined by the 
relative prices of these com])eting materials, it being endeavored, 
with soap of a definite standard of quality, to maintain that stand¬ 
ard at the lowest cost. As rosin is the characteristic ingredient of 
this grade of soa]), the foundation of glyceride slock is selected on 
the basis of the percentage of rosin it will carry with the maximum 
brightness of color and firmness of body of the finished soa]). .As 
stated before, as the general effect of ro^in is to soften and darken 
the soap, the quality and combined firmness of the glyceride stock 







MANVFACTLRE OF SOAP ASiD SOAP-POWDER. 


197 


admixture should be in inverse proportion to the quantity of 
rosin used. W. W., or water-white, and W. G., or window-glass, 
are the grades of rosin commonly used. With lower grades of 
rosin the depth of color rapidly increases, with the result that, if 
used, the soa)) is greatly deteriorated in this respect. 

Caustic-soda lyc is most economically prepared from 7}° com¬ 
mercial caustic. The preparation of caustic lye is fully described 
in the section devoted to that subject. For the saponification of 
tallow, joo pounds of 74° caustic lye of 20° Be. will saturate an 
equivalent weight of tallow; too pounds of caustic lye of 25° Iks will 
saturate 143 pounds of tallow. The pi[)e leading from the caustic- 
lye tank is suitablv connected with the water-pipe and by regulating 
the valves on both pipes the caustic lye may be diluted as reipiired. 
It should not be used too strong in the beginning, as it will be diffi¬ 
cult to start saponification. The various grades of tallow w'ork 
best witli a density of 15° Be.; locoanut-oil, with 20° Be.; cotton¬ 
seed-oil, and Lorn-oil, which is similar in its soap-making proper¬ 
ties, with a density never above 13° Be. .\ great excess of caustic 
lye at any time retards saponification by graining the mass, i.e., 
throwing the soap out of solution, under which conditions com¬ 
bination of stock and alkali is difficult. Lyes of jirojier density 
saponify readily because the soa]) is dissolved as fast as formed, 
the mass passing (|ui(kly from an emulsion to a clear [laste. 

Stock Change. -- With tallow and cottonseed-oil stock, the tal¬ 
low should be killed first and the cottonseed-oil afterwards. While 
these two materials differ greatly in their behavior toward the saponi¬ 
fying agent, it is a property of mixed stocks to blend their character¬ 
istics. Thus a dilficultly sa|)onifying stock, as cottonseed-oil, 
works more easily when mixed with one saponifying readily, as 
tallow. Likewise the same conditions may be arrived at by killing 
the more refractory stock in the presence of stock already combined. 
Experience shows that the latter arrangement leads to more satis¬ 
factory results. The boiling may be started by either running in 
all the tallow to be used and then the caustic lyc at 15° B^., boiling 
vigorously meanwhile, or the tallow and lyc may be added simul¬ 
taneously, with care that the latter is never added faster than it is 
absorbed and at no time in such excess as will grain the .soap. After 
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saponification is well under way and all the tallow and the greater 
part of the lye have been added, vigorous boiling is not required. 
The density of the lye should be increased to 18° Be., and toward 
the completion of the change, smaller quantities at 20° Be. should 
be added until saturation is complete and alkali remains in excess. 
The cottonseed-oil is now added and well boiled through to absorb 
the excess of strength left from the tallow. Additional rjuanlities 
of lye at 16° to 18° Be. are now added as fast as absorbed and toward 
the end the density may be increased to 20° Be. Boiling should 
be continued until the soap will absorb no more alkali. The com¬ 
pletion of the change is indicated when a sample removed on a 
paddle and pressed between the lingers shows no signs of greasi- 
ness, but is dry and firm and is reduced to chips or small particles 
on pressure. It should fall from the paddle in clear, transparent 
flakes. The soap is now ready to grain. For this purpose, on 
the stock change, dry salt is used. The salt is shovelled into the 
kettle and uniformly distributed over the surface of the soap, which 
is well boiled through after each addition. The formation of a 
grain or curd depends upon the insolubility of soap in salt solu¬ 
tion. On the first appearance of the separation of lye from soap 
removed on the paddle, addition of salt should cease and the soap 
be boiled thoroughly to secure intimate admi.xture of soap and 
brine. When the separated waste lye shows no cloudiness on cool¬ 
ing, the graining of the soap is complete. Steam is now turned 
off and the contents of the kettle are allowetl to stand. In kettles 
of average size, the stock can be killed and the soap grained before 
noon, but where complete saponification is desired, and especially 
with the use of cottonseed-oil, boiling should be continued slowly 
throughout the day and the soap grained and the waste lye, called 
the stock lye, allowed to settle out overnight. In the morning the 
stock lye is drawn off from the bottom of the kettle and transferred 
to storage-tanks, where it is held for evaporation for the recovery 
of glycerin. The recovery of glycerin has come to be such an 
important feature of soap manufacture that every care'is taken to 
secure the completest separation of this body. For this purpose 
it is recommended that caustic lye stronger than 15° to 16° B6. 
should not be used on the stock change and that subsequent lyes 
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which contain little or no glycerin should be discarded. The 
stoc'k lye is the largest in volume of all waste lyes withdrawn from 
a boiling of soap and contains practically all the glycerin, except 
what is retained mechanically by the soap. For glycerin recovery 
the stock lye should l)e neutral, i.e., contain no caustic soda in excess 
yof 0.4 per cent, .\ftcr the withdrawal of the stock lye, the soap is 
ready for the addition of rosin. 

Rosin Change.—The grained soap has subsided in the kettle 
to a depth equal to the volume of waste lye withdrawn. A little 
steam is turned on to keep the soap hot during the addition of Ihe 
rosin, which is thrown in as fast as it is broken up until the charge 
i.. complete. Caustic lye at 20° Be. is now added and the soap 
boiled vigorously. Additions of lye at the same strength are made 
as often as the soap shows a tendency to close. Caustic lye at all 
times should be present in such excess as to keep the soap well 
grained. Boiling should be vigorous to insure sufficient heat to 
melt all the rosin, and to bring all portions of it in contact with the 
lye. The presence of uncombined rosin is indicated by its charac¬ 
teristic appearance. When saturation of the rosin with alkali is 
complete the soap will have assumed a uniform color. While 
caustic should be present in excess, an undue excess should be 
avoided. Toward the end of the change, with saturation almost 
complete, a tendency of the soap to close should be corrected by 
the use of dry salt. The soap at all times on the rosin change should 
be kept open; in the beginning with caustic lye and toward the 
end, when no addition of caustic lye is necessary for saturation, 
with drv' salt. In this condition the coloring-matter and impuri¬ 
ties of the rosin are most fully discharged into the waste lye. 

To avoid unnecessarily long boiling on the rosin change, the rosin 
should be reduced to fragments not larger than a man’s head. In 
this way the rosin is most readily melted and combined with alkali. 
Care should be observed that no unmelled rosin remains on the 
bottom of the kettle. With cone-shaped kettles rosin may collect 
in the bottemr and be hard to saturate with alkali unless the steam- 
pipe runs to the bottom of the cone. Whether the waste lye from 
this change, called the rosin lye, is withdrawn neutral or with caustic 
soda present in greater or less amount, depends upon the practice 
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prevailing in any jjarticular factory. 'J'he rosin lye should not be 
large in volume; it is highly charged with coloring-matter from the 
rosin; contains varying amounts of glycerin, often insuflicient to 
warrant e.xpcnse of cvaiwration; and according to conditions, it 
may be economy to withdraw the lye as neutral as possible and 
run it into the sewer. With kettles of average size, it is practi¬ 
cable to complete the change in one day, adding tlie rosin in the' 
forenoon and boiling with caustic lye in the afternoon. When 
the contents of the kettle have become homogeneous, boiling sliould 
be continued more slowly and until satisfied that .saturation is com¬ 
plete. Steam is then turned off and the rosin lye allowed to settle 
out overnight. On the following morning it is withdrawn, either 
to the .sewer, if neutral, or to a storage-tank, if it contains strength, 
to be worked as desired with fresh stock. 

Strengthening Change.—While the utmost care should Ijc taken 
thoroughly to saponify the stock on the stock change and to satu¬ 
rate the rosin on the rosin change, more or less of the ingredients 
escapes combination, according as it is endeavored to withdraw 
neutral lye for evaporation for glycerin, or lye containing strength 
to be reworked with fresh stock and then to be run to the glycerin 
plant. The purpose of the strengthening change is to complete 
the work of the previous clianges. Without .skill and experience, 
it is diflicult to thoroughly kill stock and leave no free alkali in 
the waste l\e. The procedure on the strengthening change varies 
with different soap-boilers. 

After withdrawing the rosin lye, steam is turned on and caustic 
lye at 15° to 20° 15 c., according to the closene.ss of the grain of the 
soap, is added. Additions are made from time to time as the caustic 
is absorbed. When the soap tends to thicken and regular boiling 
becomes diflicult, brine, from 12° to 20° 15 e., according to the con¬ 
sistency of the sejap, is added. Boiling is continued until the pres¬ 
ence of caustic, as determined by the taste, does not vary. 

The following procedure is also used: After the withdrawal of 
the rosin lye, water is added slowly with continued boiling until 
the soap is brought from the “open” or “grained” to the “closed” 
state. Boiling well meanwhile, caustic lye at 20° Be. is added 
until the soap is brought back to the open state. Boiling is continued 
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gcnlly, with adciilions of alkali as fast as it is absorbed and always 
in Sufiicicnt amount to keep the soap in a thin, broad grain. In 
organic chemical reactions it is often difficult to effect combination 
of last portions of reacting bodies,' and especially so when handled 
in large volume. When soap is thrown completely out of solution, 
as is done when grained hard and round, this final combination 
^s more difficult than when ])artly in solution but yet open enouglr 
to separate lye, as just described. The soap should be kept in this 
state and well boiled. Toward the end of the change the soap 
mav be more sharply grained by the addition of brine of 25° lie. 
A good separation of excess strength and coloringanalter is thus 
effected. Steam is turned off and the soap allowed to stand over¬ 
night. On the following morning the strengthening lye is with¬ 
drawn to storage-tanks or transferred to other kettles to be reworked 
with fresh stock for the recovery of the free alkali. 

Finishing Change.—After withdrawing the strengthening lye, 
steam is turned on and water carefully added and well boiled through 
after each addition. It is desired on this change to leave the soap 
in such a state of hydration, indicated by well-<lefined physical apiiear- 
ances, that on standing for a period sufficient to cool the soap to a 
temperature of i.to° Fahr. in the summer, and 150° Fahr. in the 
winter, it will separate into two distinct jiortions, viz., boa[) and 
nigre. During this period, the length of which is determined by 
the rpiality of the soap, whether it is rosined little or much, the 
volume of soap, and 'he season, whether summer or winter, the 
contents of the kettle arrange themselves in the order of their 
specific gravities, the soap rising to the top and the impurities sub¬ 
siding. As a result of this interchange the more highly hydrated 
soap with the imiiurities is in the lower part of the kettle and the 
firmer soaj) in the tipjier )>art, both jiortions with a good finish being 
separated by a sharp line of demarcation. 

On*the finishing <hange an excess of water should be avoided, 
otherwise a large nigre will be formed and the yield of good soap 
will bo small. The correct adjustment of this most important 
factor can be learned only by experience. With a good linish the 
soap should be boiled, being thinned out with water from time to 
time as required, until it swells up in the kettle, shows no sign of 
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separation, and should possess only a slight taste of alkali. Toward 
the end of the change, with the addition of water in proper volufne, 
the soap should, with the use of very little steam, boil up regularly 
in plaques from centre to circumference of the surface. Thi 
surface of the soap should be smooth and glossy in appearance, anc 



in consistency should be firm and under no circumstance thin and 
flat. If the soap cannot be made to join thoroughly, i.e., if it shows 
signs of separation as a result of the presence of free alkali, the 
fault can be corrected by the addition of cocoanut-oil in requisite 












































MANUFACTURE OF SOAP AND SOAP-POWDER. 


203 


amounts. When these conditions are attained steam is turned 
off Securely and the soap allowed to coot and to separate the nigre. 

The Nigre.—The proportion of the nigre to the contents of the 
kettle varies from 25 to 35 per cent. As the nigre is more highly 
hydrated than the sui)ernaianl soaj), the ])ro[)orlion of soap in the 
nigre is much smaller. With uniform, careful practice it may 
he stated as a general rule that the proportions of anhydrous 
soap and water in the nigre are the reverse of what they are in the 
finished soap above it. The volume of the nigre is determined by 
the protedure followed on the finishing change. If the addition 
of water has been in e.xcess, the nigre will be large. With an excess 
of water the soap is said to be finished “fine” or “thin.” The 
terms “coarse” and “open” are applied to conditions at the other 
extreme. The more coarse or o[)en the soap is finished the smaller 
will be the nigre. to the degree tliat no nigre will form at all and 
only lye separate. The intermediate condition is the one to arrive 
at, and, as stated above, only experience can determine it. 

Crutching and Framing Soap,- By the crutching of soaji is 
meant the thorough incoriioration of various amounts of soda-ash 
solution at 36° Bti. and of silicate of soda solution at 40° Be. into 
the hot and fluid soap. Other materials both inert and detergent 
may be added, the use of much of which approaches dangerously 
near the line of sophistication and under no circumstances is to be 
recommended. The crutcher or mixer is a common type of machine 
and consists essentially of a cylindrical tank, either plain or jacketed, 
containing an upright shaft supporting either horizontal arms, or 
a broad screw rotating within an inner concentric cylinder; both 
are actuated through suitable connections by belt from shafting. 
Another type of crutcher contains a horizontal shaft, bearing spi¬ 
rally inserted arms, which moves the mass from end to end, instead 
of from top to bottom as in the vertical type. 

When the soap has cooled to a suitable temperature, viz., 140° 
in summer and 150° in winter, determined by removing a sample 
through the* swing-joint pipe of the soap-kettle and testing with a 
thermometer, it is run preferably by means of troughs to the Crutch¬ 
ers, best operated in pairs. As the soap in one crutcher is being 
crutched, the other is being filled. After the addition of a requisite 
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amount of soap, the filling, meaning the soda and silicate solutions, 
is added and crutching begun. The legitimate use of filling agents 
docs not exceed lo per cent, of the weight of soap. The best pro¬ 
portions are 75 pounds of 36° Be. scxla-ash solution and 25 pounds 
of silicate of soda to a single frame. After thorough mixing of this 
material with the soap, the whole is discharged through a door in 
the bottom of the crutchcr into a frame on the floor below. The 
soap frame is essentially a box, with removable sides and ends, 
mounted on wheels, and of a capacity of 1200-1300 pounds of filled 
soap. The interior dimensions of such a frame are; Depth, 40 in.; 
length, 54 in.; width, 15 in. .\fter standing at least three days, 
the ends and sides are removed and the soa;) after a lapse of a day 
is ready to cut into bars for drying. 'Die subseiiuent manipulation 
of the soap consists of pressing, wrapping, and packing in boxes. 

The Manufacture of Soap from Cottonseed-oil Soap-stock.—As 
the free fatty acids of cottonseed-oil arc simply the natural glycerides 
of the oil with the glycerol removed, it is clear that soap made fro;n 
them in the treatment of the oil on refining is equal in all of its 
pro[)crtics to soap made from off summer yellow oil. In the former 
case, however, the soaj) is highly contaminated with the coloring 
matter of the seed and other organic impurities. The process by 
which these impurities are to a large degree eliminated has been 
described in the preparation of cottonseed-oil soap-stock. This 
material, as we have seen, consists of cottonseed-oil soap, more or 
less free cottonseed-oil, and the still adhering organic impurities 
and coloring-matter which impart to the material a persistent and 
characteristic odor and color. Cottonseed-oil soap-stock, in a 
highly purified form, may be disposed of to woollen mills to be used 
for the scouring of wool; but if used in the manufacture of laundry 
soap, it is necessary to rework it in order completely to saponify 
the residual free oil. Otherwise its manipulation would simply 
comprise its addition to the regular soap in the process of boiling 
for rcmelting and incorporation. As its influence upon a tallow 
soap is the same as that of cottonseed-oil transformed into an equiva¬ 
lent weight of soap, in all cases where the color and odor of the fin¬ 
ished product will permit, its use is fully admissible. In the process 
of boiling it may be added to the tallow soap on either the stock. 
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rosin, or strengthening change, but preferably on the strengthening 
change. The strengthening change will then comprise the com¬ 
pletion of saponification of the tallow and of the free cottonseed- 
oil in the soap-stock. The procedure of treatment need not dilTer 
from that already described for the strengthening change of a tallow- 
cottonsccd-oil soap. If the soap-stock is highly colored, it may be 
advisable to give the soaj), after the strengthening change, a pickle- 
wash. This is done in the following manner: After withdrawing 
the strengthening lye, steam is turned on and some water added to 
facilitate boiling. Whether sufficient water is added to just close 
the soap and brine of 25° Re. used, or little or no water and brine 
at 12° Bd., is a matter of conditions open to choice. By the former 
method a sufficient quantity of saturated brine is added to give the 
soap a good, round grain in order to c.vpel water witlr the coloring- 
matter in solution. After boiling to secure thorough mi.xing, steam 
is turned off and soap allowed to separate the wash-lye. The latter 
is then withdrawn and the boiling proceeded with as before described. 
Should it be desired to further improve the color of the soap, the 
same can be done on the finishing change, by turning off steam 
and allowing the soap to stand two or three hours. During this 
time, if the addition of water has been sufficient, a small nigre will 
form by the partial precipitation of the impurities. This nigre is 
then pumped off from below into another kettle to be reworked into 
a subsequent boiling. The finishing of the soap may now be pro¬ 
ceeded with. 

The Manufacture of Soap-powder.—It is in the manufacture of 
soap-powder that cottonseed-oil soap-stock finds its (piickcsl and 
cheapest utilization as a detergent. Soap- or washing-powder is 
simply soda-ash and soap intimately mixed, cooled, anil ground 
to a powder. Sodium silicate is also used as an ingredient. The 
soap-stock may be used with but little jiurification beyond subject¬ 
ing it -to a washing jirocess with brine sufficient to discharge the 
heaviest of the organic impurities; or it may be tlioroughly saponi¬ 
fied, after. Iiaving been purified to any desired degree. By the 
latter treatment the resulting powder is cream-colored to w’hile; by 
the former, brown to yellow. 

.\s the prcparatio:i i f soap-stock from the residuum of the refining- 
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kctllc has been already described, it will only be necessar\' to dwell 
upon the treatment of the finished soap-stock. If it i^ desirc'd to 
make a light-colored [lowder it will be necessary to use part off 
summer _\ellow cottonseed-oil, the proportion being deleniiined 
by the degree of purification the soap-stock has undergone. With 
the jiroportions decided upon, the soap-stock should be added to 
the kettle and steam turned on. While tlie soap is melting, the 
cottonseed-oil may be added and lye at 15° He. run in Tiie pro¬ 
cedure already outlinc.l for the stock change in the manufacture 
of settled rosin-s(ia[) should be followed. On the com[)le',ion of 
saponification, a slight excess of free a kali is immaterial. In pre 
paring the finished soaj) for mixing with soda-ash, a little moie 
water should be added than is used in finishing settled soap. Slioul.l 
the soap be finished too coarse the mixture of soap and soda ash 
in the crutcher may be too thick for easy working. 

Mixing and Framing. For tins purpose tlie soap-c rutc her may 
be Used, but it is desirable that for mixing the thick, heaw mass of 
soap and ash the mixer be more strongly built than the ordinarx soap- 
crutcher ;ind preferably of the l\pe \Mth either hori/ont.il or cerlical 
blade agil.ilor. The ingredients added to the mixer comprise thin 
soap, soda ash, and silicate of sod.i I'liese mac be in carious pro- 
porlions according to the i|Ualilc of po.cder desired. For a single' 
frame 000 to 700 pounds each of soap and ash may be used to cchich 
100 to 12c; pounds of silicate are added. Soap is run in first, the 
amount being determined by the lecel in the mixer, .ind then the 
ash 1,1 successice amounts until the entire cceight is added. Addi¬ 
tion of entire amount of .ish at once mav block the crutcher .ind 
bend or bretik the blades of the mixer. The amount of sihc.itc 
added ccill depend upon the consistenc e of the mixtitre of soap ,itid 
ash If the soap is finished too thin, the cceight of ash ni.ic not lx 
sufficient to counteract the thinness of the resulting mi'-ture, n 
cchich eceiit either more ash or less silicate may be .tdcled. With 
soap fmished coarse m the kettle it mac be necessar) to add cc.itei 
in the crutcher When a homogeneous mixture has been obtainecl 
the mass is fianied. One day as ;i rule suffices for cooling, at th'' 
end of cchich lime the mass is stripped and cut. Corners and ends 
of the frame are usually hard, and to penetnile which the ordinary 
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soap-slabbtT is unsalisfacUiry. Recourse is liad lo hancbslabbinf'. 
Should the mass become loo hard to be cui 1 )\ wire, it must be dis- 
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integrated Icy more laborious means. After slalcbing it is cut trans¬ 
versely, and the slabs jciled up to dry. The frame method is the 
most cleanly and convenient. .According lo the tloor nrethod, the 
mi.\ed soap and soda-ash arc run directly from the c rutcher, used 
exchisicely for this jiurpose, on to the tloor of the apartment, where 
it is allowed lo sohdifv, after winch it is broken into coarse lum[is 
to facilitate cooling and diwing The mass is then further disinte¬ 
grated, and ground as leciuiiecl. 'I'hc slabs after disintegration, 
cither by hand or disintegrator, are ready for grinding. common 
tvpc of disintegrator or crusher is shown in Figs. 74 .incl 75. 



In,. 75 -Di'iiiUgi.iioi wjili ( . 15 . 111 ^ 

Grinding Soap-powder. - Mills of \arious types are used for 
reducing the cauirse lumps or slabs to ])o\vdcr, one form of which is 
shown in Kig. 76. 
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A satisfactory method of handlin;^ sou])-po\\(lcr consists in storing 
the material in a h()[)per or bin, as it comes from the crusher, and 
transferring it theme In' gra\ity to the null as rc(|uired. This 
arrangement of crusher, hop|)er for crushed material, mill and hopi)er 
for jeowder is shown in Fig. 77. 

It will be readily seen that the arrangement shown mav be \aried 
to suit conditions, so that the crusher may be located on any lloor of 
the budding where the framed material is most easily clelicered, and 
the mill may be also located where most contenient. 

f!) using two small ele\ ators, both c rusher and mill may be located 
on the same iloor, and the bins jdaced against the ceiling or on the 
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floor abenc. In the null shown in Fig. 76 the material is reduced 
to powder bv re|K‘ated blows of rapidly retolving steel beaters run¬ 
ning in a special casing. The bottom of the casing is composed of 
a perforated screen <f a s[iecial metal, which unites great strength 
anil toughness with phenomenal wear-resisting iiualities. The 
powder Is rapidly reduced by the action of the beaters, and the line 
material is instantly discharged through the screen. .Ml parts of 
the ctising are easily accessible for exaniin.ition and cleaning The 
onh wearing parts are the screens, which are durable and ipexpcm- 
si\e. The mill is intended to receive its supply from a stor.ige-bin 
overhead, and to deliver into one below or into barrels, fn Fig. 78 
is a diagram for setting u|i the mill to clischarge into barrels. The 
frame consists of g-in. dressed yellow pine and is large enough to 
take a sugar-ltarrel. 'I'he sides of the framework should be cov- 
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eml in with ordinary unhlcaihcd cotton .shcctinfr. A door is pro¬ 
vided, consisting' of a lip'ht frame, < lolh-( o\ ered, which is to lie held 
in [ilace by buttons as shown. The mill draws air throiif^h its 
sides and discliarj'cs throuj'h tlie screen. This air circulation is 
necessary to keep the powder c(»ol. 

The cloth sides of the frame allow the air to esiape, while retain- 
ini' the dust. 

The mills can be set to discharge into a bin, elecalor, (onievor, 
or any manner desired, but there should ahsais be some such outlet 



for air provided. In many case's a dust-bag, made of one ])icce of 
double-width cotton sheeting sewed together at the edges and made 
about 6 to ^ft. long, will sene the jniriiose. The upper part can be 
connected by a 3-in. piiie to any convenient pait of the discharge- 
ca.sing, and the lower end should be hemmed and tied together with 
a heavy cord. When the dust accumulates, untie cord and empty 
out. Shake dust from sides of bag frecjuently. If the bag is allowed 
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to fill up, the air cannot escape and the niai hine will be lialilc to heat 
up the jiowder and stop work. 

In I'lp 79 is shown a very compact and self-contained decicc 
for nianufac tunny soap-powder which is not without many points 
of |)eculiar merit. It consists essentially of a disinteyrator or i>ul- 
ceri/er whicli connects by means of an upriyht duct with a s\sU'm 
of sieccs contained m the oceihead bin from which the ])owder, 
reduced to the deyree of lineness recpiired, is discharyed into the 
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barrel on the floor, or into a bin discharyiny on to the floor below. 
The disinteyrator consists of a disc bearing cast-steel pegs lotating 
at the rate of 1500 or more revolutions |)er minute and containecl 
within a case to both sides of which likewise are attached cast-steel 
jiegs. 'I'he disintegration of the powder is thus effected by concus¬ 
sion. The rapid revolution of the interior disc creates sullicient 
pressure to force the ground material into the sieve-c hamber above, 
where it is cle])osited on a sieve of given mesh to which a lateral 
motion is imparted by means of a cam attached to the counter¬ 
shaft. The iiowder passes through the sieve into a suitable recep¬ 
tacle, while the coarser material with the air is returned by means 
of a tailing-duct to the disintegrator to be reground. 

Packing Powder. —Where large numbers of cartons arc to be 
packed, it is essential to adopt some method to insure that they shall 
all be filled exactly full and that the cost of filling shall be ;is low 
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bulk that the dcM'rcd wui'ulu of inalonal wdl fill and make the car¬ 
tons of the |)ro]>er size to hold this btdk. In this connection it 
should be borne in mind that there is a dilTereiue in the volume tliat 
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a given weight of powder will occupy, depending on fineness of 
grinding. Therefore it is best to use powder just as it lomes from 
the mill to determine this \olume before ordering the cartons. 

.4 very effectixe and inexpen,six e method of lilling the cartons is 
to make a number of tin boxes, open on one end, of proper si/.e to 
just slip inside the carton and deep enough to contain the re(|Uircd 
xolumc of jKiwder. These tins arc to be closely packed side by side 
on a trav as large as can be conxeniently handled. The poxvder 
can be spread cm the open top of the tins and levcdled off with a 
shcixel or hancl-scoo[i. One minute’s work xvill fill a whole tray of 
tins. The tray is then plac ed on the packing-table, xvhere the packers 
lake the tins one by one, sh|) a carton oxer the open top and turn 
upside down, leaving exactly the right C]uantity of jKixvdcr in each 
carton, and ])lace the em])(y tin on a nexv tray ready for refilling. 

Continuous Method.— The manufacture of soap-powder on a 
large scale permits of the fullest opportunity for tlie introduction of 
labor- and time-saving clexices. The use of an automatic xveighing- 
machine, attached to the soap-jiowder bin which receives the ground 
powder from the mill, allows of the discharge of a uniformly regu¬ 
lated amount of ])(iwder into the carton or shell, b'rom the crush¬ 
ing of the coarse poxvder hv the disintegrator to the com[)leticm of 
the process the operation as prexiouslx descrihed and illustrated is 
continuous. There is in use xvhere the xolumc of manufacture per¬ 
mits a device or an arrangement of devices xvhich makes the manu¬ 
facture of soap-poxvder an uninterrupted process from the soap- 
kettle to the pasted jiaekage. This arrangement consists ossen- 
tiallv of a specially constructed crutrher for mixing the ingredients, a 
mechanism for cooling, drying, and reducing to a coarse form llic 
material xxhich on a smaller scale of manufacture is framed, cooled, 
stripped, cut into slabs, dried and disintegrated, a grinding-mill, 
automatic weighing-machines, bell conveyor for lilled packages, and 
their pasting and packing in cases by specialized labor. 
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COTTONSEED-MKAL A\'l) CO rroXSEI'D-lirELS FOR CATTLE- 
FOOD AM) I'ERTILIZER 

Comparative Value of CoUonseeil ami Corn Cottonseed-meal Cottonseed- 
hulls Comparative Value of Cottonseed-meal and Seed Value of Seed 
and Meal for Feed Cottonseed ProduUs for Hogs and Calves Toxic 
Princi[)les Cottonseed Products for Milk Rations for Reef Rations for 
Milk and Hutter Comparison of Concentrated Feeds. Cottonseed .ind 
Meal as Fi rtili/ers Value of Cottonseed on the Farm .“some I'crtili/er 
History 

Comparative Value of Cottonseed and Com.—The value of cot¬ 
tonseed for feedinu purposes is not so fully understood and tippre- 
ciated as the feeding value of its products, meal and hulls. They 
are not so readily eaten as their products arc, especially meal. 'Phey 
are known, however, to lie a valuable feedini'-stuff. E.xpcrimcnts 
demonslrale that in feeding value they are fully etiuivalent to that 
of corn. From experiments made at the Texas Agricultural Experi¬ 
ment Station, i pound of cottonseed-meal was found to be e<itial 
in feeding value, i.e., beef-producing value, to 1.21 pounds of corn. 
Similar experiments at the Alississippi .Agricultural Ex[)criment 
Station denaonstrated that i jtoimd of cottonseed was equal to 
1.06 pounds of corn- and cob-meal. The average of these two 
results indicates that i pound of cottonseed equals i to 1.13 pounds 
of convmcah* This means that i ton of cottonseed is worth as 
much for proihuing growth m beef cattle as 1.13 tons of corn or 
corn-meal, and that when torn is worth 40 cents per bushel (S14.20 
per ton) cultonseel are worth Sib 00, or 24.2 cents per bushel of 
30 pounds. .And with corn at 80 cents per bushel, cottonseed are 
Worth as feed $32.00 ])er ton, or 48.4 tents per bushel. 

* Com of .Agr,, North Carolina, 1903. 

2>J 
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The comparative amounts of jiroximatc constituents in cotton¬ 
seed and corn-meal are sliown by the following analyses: 

C'>Ui)ii':oc.nl Coni-ineal. 


Water. g (12 ])er cent. i?.o |)er rent. 

Ash. 4-74 “ 1-4 “ 

Protein. ig.38 “ 8.2 “ 

Fibre. 22-57 “ i -9 “ 

Carbohydrates. 23.94 “ 68.7 “ 

Fat. 19-45 “ 3-8 “ 


Cottonseed-meal. —The superior value of cottonseed-meal as 
feed for rattle and sheep is shown by the fact that more than one- 
half of the output of meal is exporteil tr) foreign countries for this 
purpose. The remainder is dicided between local consumption 
for feed and fertili/.er and Northern consumption for dairying 
and feeding. .As a (.oncentralcd feed it has no e(|ual for beef cattle 
and dairy cows. Wlicn compared with corn and corn-meal in 
feeding experiments with milcb-cows, it is shown to produce more 
milk and butter than eipiivalent weights of corn or corn-meal, and 
than generally greater weights of wlieat bran and linseed-meal. 
This comjiarison likewise liolds in its value for fattening beef cattle. 
Feeding e.xperiments with beef cattle conducted at experiment 
stations in Texas, Mississippi, and Pennsyhania show that 1 pound 
of cottonsced-meal produce.! in the same rations as much lieef as 
1.34 to 2 pounds of corn-meal, the acerage being 1 pound of cotton¬ 
seed-meal to 1.73 pounds of corn-meal. 

Cottonseed-meal is a ver\ rich concentrated feed, wdiich can¬ 
not Ire fed alone and must be fe.l with care and judgment in all 
cases. With coarse bulky feeds like cottonseed-hulls, the grass- 
havs, and the corn plant, whether shredded or cut, meal makes 
most excellent rations. For fattening steers, three to four pounds 
of meal per day are gi\en at first, and all the hulls, hay, or corn 
fodder that the animal will eat without waste. 'I'he <|uantity of 
meal is im retised gradually to six, eight, and ten pounds per animal 
per dav, with hulls, hay, or corn fodder, or all, as before. The 
best ])r(iportioiis of meal and hulls, as indicated by a great many 
experiments, are one pound of meal to three to four pounds of hulls 
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after the feeding is well in jirogress and the ani.iuds lu\e beeonie 
aecustomed to the diet. 

Cottonseed - hulls. - The hulk from the seed were formerly 
much used for fuel for running the engines at the oil mills, and 
may otiasionallv be used for that ])ur|iose \et, but the mam demand 
for them is for feeding beef cattle, tows, and sheep, a dem.md to 
whith the supply is not eijual. It is becoming the rule for cattle 
to be fattened for beef at or near the mills m the South during the 
winter on hulls and meal. 

The value of a feed depends on its tomiiosition, digestibility, 
and jialatability. The palatability of hulls is shown by the fact 
that animals eat them readil) and with relish. The chemical 
analysis of hulls, and their actual digestibility (solubility in the 
animal juices), as determined by ii numlier of evpenments with 
cattle and sheep, show them to be worth from one half to two- 
thirds as much as the ordinary grassdiacs. In composition they 
are similar to the grassdiacs, but oiiK one half to two-thirds as 
much of them are actually used by the animal as of the hays. 
They make a \ery coarse, bulky feed; but a certain amount of 
bulk Is necessary m feeding cattle and sheep, and hulls au ectreniely 
hanth and concenient for diluting cottonseed-meal, which is too 
rich ,ind concentrated for feeding alone. The piice p.iid for hulls 
is goceined by the cost of good h.iys. 

Comparative Value of Cottonseed-meal and Seed.- The aver¬ 
age of results obtained in feeding ecpeiimeiits comluctcd at the 
Textis and Mississippi Agricuhur.d Expeiiment Stations shows 
that 1 pound ot cottonsc‘ed-me.d ptoduced as much beef tis i.gy 
pounds of cottonseed. Coinpaialne leedmg values of coin, cotton- 
bced, and cottonseed-meal obt.iined bv expel iment on beef cattle 
re[iresenl aver.ige results th.it m.iy be expected with good feecling 
under good conditions '1 he feeding value ot any stulf is com- 
par.itixc, and its piice will llucluate with that of ihe standard feed 
Used for compaii-on with the piice ol the products into which it 
is converted. If i ton of cottonseed-meal will produce a growth 
er|uiv.ileiit to that produced bv i.ty tons of cottonseed, and cotton¬ 
seed-meal Is worth cSj.vOO per ton, cottonseed loi the same pur- 
jiose are vvoith SiO.Wi pel Ion or 25 cents per bushel. 
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The relation of cottonseed and cottonseed-meal from the stand¬ 
point of their value as stock feed and fertilizer, and the relation 
of the farmer, as producer of cottonseed and consumer of its non- 
oleaginous ingredients, to the cottonseed-oil miller, whose chief 
product is the oil, are tersely expressed by The Southern Farm 
as follows; 

“One ton (2000 lbs.) cottonseed contains 

Of nitrogen. 

Of ph()s|)horic acid. 

Of ])otash. 

One ton (2000 li)S.) cottonseed-meal contains— 


Of nitrogen. 163 lbs. 

Of pluisphoric acid . 65 “ 

Of ]»tash. 46 “ 


“ .Mlowing that the farmer (.irries his seed to the mill and gives 
the oil as toll, he should carre back witli bin the resulting jiroduct, 
in meal al out 750 pounds, and aljoul yoc pounds of hulls. 

“ It is a common {piestion whether this is a profitable exchange 
for the farmer. 


“ It is an accepted fact that the oil has no value as a cattle-food. 

“ But undoubtedly a farmer can teed more economically in using 
meal and hulls than in feeding merely the raw seed. 

“In exchanging the seed for llie meal the farmer does not dis¬ 
pose of any of the valuable elements—nitrogen, potash, and phos¬ 
phoric add. 'I’he 750 pounds of meal contains within a small frac¬ 
tion all the nitrogen that was in the ton of seed. 

“ What price, then, should cottonseed command when cottonseed- 
meal is held at Sih-oo per Ion? 

The 750 lbs. of meal from the ton of seed, at 75c. per 100 lbs., is $6.00 
Add 900 lbs. of hull from this ton of seed, at 15c. ficr too lbs.. 1.35 

Cash value of the ton of seed. $6.97 

“At these relative values the mill would get the product of oil 
(30 or 35 gallons) to ])ay for the cost of grinding. At 20c. per gal- 


61 lbs. 
20 “ 

23 “ 
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Ion this would j’ive the mill $6.00 to $7.00 margin to cover all its 
expenses an 1 jirofits. 

“ Whether thii is too much for the mill is a question we cannot 
answer. If calle.l upon for an opinion, we should say that it is not, 
from the fact that we would rather ha\e the 750 lbs. meal and <)oo lbs. 
hull, either for feeding or fertili/.ing purposes, than the original ton 
of seed.” 

Value of Seed and M;al for Feed. —'The equivalent fee.ling 
values of cottonseed-meal an I lorn or corn-meal may be st.ited as 
follow.s: 

One pound of cottonseed eqiiaK 1.13 jiounds of corn or corn- 
meal , 

One pound of cottonseed-me.il eipials r 75 pounds of corn or 
corn-meal; 

One ])ound of meal e(|U,ib 1.5 pounds of seed. 

From thc'-e ligtires, obtained m actual feeding tests, IS. W. Kil¬ 
gore* has calculated th.it. 

1. When corn 1-. woilli .So cent^ per luishel, or Si 4- I’cr 100 
pounds, or Se.S.qo per ton, lotton-ee.l ^hould be worth St Oo per 
i(X> pounds, or 48.4 cents per bii-hel, or .St’.oo per ton. 

2. When corn i- worth 40 cents per bushel, cottonseed are worth 
2 (.2 cents per bushel as fee 1, or tsitioo per ton 

3. Wlien cottonseed ,iie w.nth 23 lents per bushel, or S16 06 
per ton, corn should be worth only 37 3 cents per bushel. 

4 Wlien cottoiisee 1-ine.d i, woilh .S2300 per ton, or Si.23 per 
too pounds, cottoiisee 1 should be worth <S4 cents pel 100 pounds, 
or 23 cents per bushel, or Si()t)(i per ton. 

3. When seed are worth JO cents pel bushel, or Sig-.i- P'-'t Out, 
meal should be worth ,82000 per ton. 

Cottonseed Products for Hogs and Calves. —Xeaily all ol the 
carefully conducted experiments* show th.it neither cottonseed nor 
meal can be fe.l iirolit.ibly to hogs and _\oung c.iKcs Xol only 
c.in they not be fed ]irolit.ibl}, but geneially the\ are positnely 
injuiioiis ami mcist frecpienlh restdt n the death of tin a um.d 
when persiste.l in. Whether death in these cl.isscs of amnials is 
due to such mechanical causes .is loose lint, large amount of oil. 


♦ Report ol Com of .\gr , .North C,irohn.i, lyoj 
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hard and sharp sccd-coals, or whether cottonseed products contain 
originally a toxic principle, or whether such is developed ;cs the 
result of decomposition outside of or change within the animal 
body, is yet an open ([uestion, an 1 is a nice and important one, to 
be solved in connection with the proldem of feeding cottonseed 
products. 

Toxic Principles of Cottonseed-meal.—The extensive use -of 
cottonseed-meal for feeding purposes and the experience that it 
cannot be fed with safety to very young animals have directed atten¬ 
tion to the occurrence in cottonseed-meal of bodies possessing 
toxic properties. Chemical analysis has isolated two nitrogenous 
bases termed cholin and betain, the latter being a product of the 
oxidation of the former and the less poisonous of the two. In a 
sample of cottonseed-cake examined in the U. S. Government labo¬ 
ratory the two bases were foun.d present in the following relative 
jiroportions, \ i/, , chohn 17.5 per cent., Iietain 82.5 per cent. Where 
toxic, results have been experienced it is presumed that in the feed 
used, cholin has bc’en relalicelc more abundant than betain. 

Cottonseed Products for Milk. -d''eediiig and dairy experiments 
w'lth cottonsec’d. cottonsced-mc'al, and corn indicate th.it their 
relatice milk and butter-producing x.ilucs are about the sime as 
those stated for beef production. They do not injure the milk 
for drinking purposes, but when feci in too large cju.intitics, they 
do affect the ciualitc cif the butter produced, giving it ,i higher melt- 
ing-j)oinl and making it firm, which is an .icKantage in a w.irin 
climate, l)ut at the same lime the texture i- injured, the butter being 
sticky and the llaxor poor. Wdien seed and meal are jiroperly 
combinecl with hay and gr.iin-feed, so that cottonseecl jiroductsdo not 
form over one-fourth of the gram ration, this injurious elfcet on 
the ciu.dilv of the butter is not apparent. Two to ihiee iiouncls of 
Cotton-cicl or me.d m.iy be fed jier cow per day without maierially 
affecting the ciu.ilitv of the liutler. Cottonseed-meal is ricll in 
llc'h-former, and milk producers and its value as a dairy food is 
unciuestioned and undoubted. It is esjiecially well- .id.ipted fi.ir 
mixing with coarse feecl, as hulls, corn-fodder, ensikige, .incl hays. 

Rations for Beef.-'I'he use of cottonseed products in admix¬ 
ture with coarse feeds for beef jiroduction is illustriLled in the follow- 
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ing rccomnil'ndalions fnmi ihc Report t)f tlic Coiiinii'-'sionLT of 
Agriculture of North Carolina for 1903. While these rations are 
especially for beef proihiction, they are suited also (or milk when 
it is not intended to he used for butter 

1. I lb. cottonseed-meal to 4 lbs. cottonseed-hulls, b'ceding all 
that the cattle will eat readily. Corn-fodder or hav may replace a 
pcfrtion of the hulls in this ration. 

2. I lb. cottonseed-meal to 5 lbs. corn-fodder (whole plant). 
Feeding all that the cattle will eat 

3. I lb. cottonseed-meal to 6 lbs. grass-hays. Feeding all the 
animals will eat 

4. 5 lbs. cottonseed. 

5 lbs. gr.iss-hay or corn-fodder. 

13 lbs (o\c-pea cine h.n 

Rations for Milk and Butter. 

5. 2 lbs. (oltonseed-me.d. 

3 lbs. corn-me.d. 

3 lbs. whe.it br.in. 

15 lbs. gr.iss-hac, corn-fodder, or stocer. 

23 lbs. 

6. 2 Ills, cottoiiseed-me.il 

() Ills, corn-meal. 

8 lbs. gr,iss-ha\. i orn-fodder. or stover. 

8 lbs. cow-pea cine h,i\. 


7. 2 lbs cottonseed. 

2 lbs. corn-meal. 

4 lbs wheat bi.in. 

8 lbs. grass-h.i\s, corn fodder, or stener. 

.8 lbs. low-pe.i cine li.i). 

2 t lbs, 

Pttsttir.ige max be substituted for ha\s or coarse feeds in the 
above rations. Cottonseed ate fed to best advantage m combina¬ 
tion with paslurage or an abtind.ince of coarse feeds. 
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Rations 5, 6, and 7 will suit as well for beef, but are more expen¬ 
sive than rations 1, 2, 3, and 4. 

Animals weighing about 1000 jiounds eat 20 to 25 pounds of 
dry feed per day. Larger ones eat more, smaller ones less. All 
food beyond what is nceessary to run the \ital meehanism goes to 
the production of milk, butter, and bief. Tuberal feeding within 
limit of the animal’s health is most economical. 

Comparison of Concentrated Feeds. —Mr. \V. J. Hooker, in 
Flour and Feed, gi\es the following statement, based on a report of 
I’rof. K. X. Jenkins of the (Connecticut State F-\i)erimental Station, 
showing the relative value of nitrogen, i>hos|>honc acid, and potash 
contained m wheat br.in, corn-meal, linseed-oil mc.d, and cottonseed- 
meal ' 



1 

! l'li,„|,h..]i. 

P-.ttsh. 

! 





2000 |)<niniU win nl br.m ( niunins . ... 

47 ( 

()0 2 

wo 

2000 |n)un<is. ( oni mi al ( "iil.iitis ... . 

2(> 0 

1 12 S 

1 S 00 

2000 |)oiiihK lin-sft (1 Dll meal < ontams 

. . ' TOfi 0 

' ’v"' ^ 

: 20 2 

2000 jiDVUi'K ( DllDtisi (il-nu al ( Dili a Ill's ,.. 

. ' Mt'> 

' ()0 f) 

, s 

T.iking the nitrogen ,it 17 cents 

per pound. 

pliosphoi 1C 

.icid ,it 6 


cents per pound, .ind pot.ish at 41 cents per pound (.ill of which are 
low c.dualions), goes the following as tlie m.niun d values. 

i>,I r.ii.if 


' I ) I’oillliU 

Wheat bran. Si 3 03 

Corn-meal. ()ot 

Linseed-oil meal. 21.55 

Cottonseed-meal. 28.04 


In feeding, the animal retains from 5 to 20 (ler cent, of the 
above elements, so that, 1,iking 20 per lent, from the above c.ilucs, 
and taking wheat bran at S22 per ton, corn-meal at .S24 per ton, 
Imseed-oil me.d at S?8 per ton, and cottonseed-meal at $27 per 
ton, after deducting the cost of the m.inure, it co^ts to feed — 

I’lT Ton 

Wheat bran.' Sii-S? 


Corn-meal. i(>i6 

Linseed-oil meal. 6.45 

Cottonseed-meal. 4'5^ 
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It will be seen from the fdrejtoing that eoltonseed-meal (ontaiiis, 
by a larffe percentage, a greater amount of nitrogen (protein') Ilian 
any other food. It i^, in fad, the mo-t romenlrated, che.iped, and 
mod nulntiou-, of foods, and in feeding, mixing it with liran, inid- 
(Ihngs, hulls, or other feeds, it nrodiucs an ideal cattle food The 
tendency of the times is toward more scientiric feeding, ,ind the 
utilia.ilion of cottonseed-meal, with its high percentage of llesh 
forming properties, makes a great aib.incenient o\er the old method 
of feechng the whole seed. 

Cottonseed and Meal as Fertilizers. Me.d is much U'cd .is a 
source of ammonia in commercial fcalili/.ers in tile cotton Slates, 
and the sees! are used directly by f.irmers for fertih/.er in no sm.dl 
cpi.iiitily. .\ ton each of coltoiiseecl and meal cont.im .immoma, 


phosphoric acid, and potash to the c.due of: 

One ton (2000 lbs') cotlonseecl contains— 

,-\mmonia, 75 lbs. ,it ig cents. $10 70 

I’hosphoric at id, j() Ills, at 4 c eiit^. 104 

I’otash, 24 lbs. at 5 cents . 1,20 

Fertih/ing x.due of a ton of cotlonseecl. Si-wd 

One ton (^2000 lbs ) totlonseed iiicmI contains — 

.\mmonia, 170 lbs. at 1 4 cents. So 

I’hosphoiic ac id, 5(1 Ills, at 4 c eiils . 2.24 

Totash, 3(1 lbs. .it 5 cents. 1.80 

Ferlili/ing \,ilue one ton collcinseed-meal.. ,. S27 84 
It takes 2.6 tons of seei| to m.ike a ton of meal. The above 


figures expressing the fertih/.er c.ilue of collonseecl ,ind meal are on 
basis of prices of recent date * foi raw or unmixed ferlili/.er m.iterials 
in retail lots for lixe tons or less, for c.ish, at the factory. .Vccoril- 
ing to thed' valuations, when k.iiiiit dclicered on tla f.irm costs 
S12 per ton, 13 per tent, acid phtisph.ile Sir.20, nitrate of soda 
8513 CXI per ton,Mnd dried blood $43.00 per ton, cottonseed are worth 
Is a fertilizer $12.74, or slightly more than ic; cents per bushel of 
thirty jiounds. 


* Roport of Coin, of tgr N'ortli C.irolin.i, 1403 
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Value of Cottonseed on the Farm. -The foregoing figurc‘. were 
st.iled lo l)e on baM^ of prices of fertilizer materials at the fattorv. 
The farmer would ha\e lo jiay freight, merihants’ tommis^ion, and 
lost of hauling lo the farm, if he sold his seed and bought an e(|uiva- 
lent amount of fertilizer materi.ils to replace them. The pru e of 
seed should, therefore, be increased to meet this additional cost, 
and would be something like the following. 

When 13 per cent, acid phosphate delivered on tlie f.irm costs 
Si-l-oo ])er ton, k.iiml with 12 30 per cent, pol.ish cost., di \ 00 jier 
ton, and nitr.ite of soda Stio.oo, dried blood of i() per ciail. .'S30 00, 
and fish-sirap S32.00, then lottonseed are worth on the farm Sipbp 


as follows' 

One ton seed cont.inis — 

.‘\mmoma, 73 lbs. .a 16 lents . $12.00 

PhosphorK and, 2I1 lbs. .it 3.) cents. r.go 

Potash, 21 lbs. at 3.6 leiits. 1.3 

p'ertili/.ing \,due of one ton seed. $14.(>4 


This is eipial to 22 cents jier bushel of thirty pounds. 

Or, in case it is desired to buy add phosphate and kainil or 
some other potash salt to use with the cottonseed to make a com¬ 
plete fertilizer for cotton, corn, or other c rops, the seed will haw a 
still higher value, as the same amounts of ammonia, phosphoric 
acid, and potash always cost more m a mixed fertilizer th.m in the 
unmixed materials. Looking at the valtie of seed as fertilizer from 
this stanilpoint, when a mixed fertilizer, containing 8 per cent, 
available ]ihosphoric acid, 2 per cent, of potash, and 2 per cent, of 
ammonia, costs delivered on the farm $18.00 per ton, cottonseed 


are worth $16.34 ])er ton, as follows; 

One ton seed contains— 

.Ammonia, 75 lbs. at 18 cents. Si.VSo 

Phosphoric acid, 26 lbs. at 5.2 cents. 1.35 

Potash, 24 lbs. at 6.2 cents. 1.4c) 

Fertilizing value of one ton seed. $16.34 

This is ecpial to 24.5 cents per bushel. 
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Should the S-2-2 fertilizer (0<>t S20.00 per Ion, then the seed 
would.he worth $17.16 per ton, as follows. 


One ton seed contains— 

.‘\mnionia, 75 Ihs. at 20 cents. $15.00 

Phosphoric acid, 26 ll)-.. at ^ 8 lents. i.:;i 

Potash, 2 A Ihs. at 6 <) cents . i 65 

Fertdizing value of one Ion '•eed. $17.16 


This is cciual to 25.8 cents jier bushel. 

The value of cottonseed as fertih/er has been presented alonft 
with the cost of ordinarv fertdi/er ni.iterials and a complete fcT- 
tili/.er, because the see.l, if sold from the farm, would haw to be 
replaced, to a considerable extent at least, by these materials for 
the farmer to Use in mixine;, or else by a complete fertili/cr. This 
is, perhaps, the best wav to convey an idea of what it will reciuire 
to replace the seed, if disposed of, and ecery farmer should calculate 
what it will cost to brinv back to the farm fertilizer mateiicd of epual 
value to the seed before dec iding on the price at which to sell them. 

Some Fertilizer History.- -In 18(16 Col (ieorpm \V Scott of 
,'\llanta, a manufacturer of commercial fertilizers, decided to use 
cottonseed-meal as a substitute for other ammoniates in use at that 
time. He knew that in Ixnpdand rapeseed-nieal had yicc-n f'ood 
results m similar use, and concluded to try cottonseed-meal in his 
goods. 1 fe ordered from Xc‘w()rleans .1 lot of the- c.ike, which, after 
breaking and grinding in a corn mill, he m.impulated with dissoKc'd 
bone, adding some potash and also some sulphate of .immonia, thus 
forming a high-grade fertilizer, t ol. Scott thinks that this w.is 
the* first cottonsex'd meal eccr used .is an ammoniate for commercial 
fertilizers. In the fall of 187(1 he establislu'd a fertilizer works at 
zXtl.inla, (la., writing fiom there to t'ol. Nelson, who owned an oil- 
mill .it Montgomerv, .\l.i , asking him for a priic on 500 tons of 
cottonseed-meal for early shipment. Col. Nelson replied, stating 
the price and ]iis ability to ship, but aibised Col. Scott that if he 
bought the (piantity named he would certainly iwerslock himself, 
and suggested that the shipment had better be distributed owr sev¬ 
eral months, as the oil-mills h.id newer .sold so large a c|uantity to 
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any interior dealer, the meal prior to that time going for export, as 
stated. 

From this small beginning, of about 20 tons in 1866 and 300 tons 
m 1877, the Use of cottonseed-meal as an ingredient in commeicial 
fertili/.ers has grown to enormous pr()|)ortions. 

Col. Scott says, “The farmer by its use enables the millman to 
jeay a Ix'tter price for his seed and gets the safest and best liigh-gradc 
fertilizer on the market when properly manipulated." 

When it began to be realized that cottonseed-meal had such 
great fertilizing value its use as a feedstuff became relatively less 
important in this country, d'he Ceimans and other foreigners 
realized its great feeding value, and then continued to buy largely 
for this |iurpose. But about 1885 the agricultural colleges and cither 
chemists began to denote a great deal of study and e\])eiiment to 
the subject of the fec'ding caluesof coltonseecimeal. .\ large number 
of bulletins were issued on this subject, also calling .ittention to the 
feeding value of coltonseecl-hulls in combination with meal. The 
hulls had foimerly been thrown awav or used as fuel to ojierate the 
mills. It was sliown that the feeding value of hulls per ton was as 
much as hav, while the fuel value was about one-third that of co.d. 
Hence, with hay at Sio per ton <ind coal at $4 per ton, it was eight 
or ten times more sensible to feed hulls than to burn them. 

The most startling discovery tibout the feecling of cottonseed-meal 
Is that the systematic feeder can actually obtain full value of his 
cottonseed-meal as a feed and then get another full value out of it 
in the shape of cattle-droppings as a fertihzer. This discovery, 
though widely advertised by the agricultural e\|)eriment stations, 
is now not half appreciated by the Southern farmers. It means 
that while cottonseed-meal is at its present price there is 100 per 
cent, profit in its systematic consum|)tion on the farm * 

* Chriblophtr FiUsimmons, Presidiait InCcrstatc Cottonseed Crushers' Association, 
1904. 



CHAPTER XII. 

RULES FOR THE OOVIIRNMIA’ I' OF TR\\S.\CTI()NS IX 
COTTONSEEU I’RODI C TS * 

Cottonsei'(l-()il ,S(),ip-vti)ck ('l>(toll^(T(l-( .ikc ('ottoiKinl-moal Cnlldii- 

MT(I Gcncml Ruk-^ HumtV 'I'.uik-, Time Coinr.ul^ C l.imis. 

Form f(ir Claims Sami)l(,'s Aihiti.uioii MeaMiri-mciil 

Cottonseed-oil. Mi’t!\urcmcnl. Rule i. .\ tank (tankaar) of 
cotton^ccd-oil for contrtiO pinposos shall be 12^ barreb. 'I'ank- 
cars nnist have --hell ea|ianl\ in Gallons at 70° Eahr. marked on 
OK h end in plain letters not k-ss than six inthes lone, ,ind sellet in 
lilling tanloear should keep leund of temperature at time of lilline, 
and exait disttuice between iini le top of dome and surface of dear 
(111 in t.ink, and in ease of redamation on account of ueipdit bucer 
must show sinnlir statement at time of receipt of lank, duly swom 
to and acc'omp.inied by cerlilicate that the car had been carefulh 
examined before .ind after unloading .\ liariel of oil, if sold loose, 
is 50 oallons. nallon of oil n 7' pounds acoitdupois 

2. Crude cotton-oil mac be sold either loose 01 in barrels, as 
agreed between the seller and btiyer. If in laurels they shall be 
good new iron-bound bands, properlc silicate I, or thoroughly 
slcainied and eleaned leline.I-petroleum barrels. Packages must 
be in good shipping order, and contain not less than 48 gallons 
each, procided that the .iggregate of delicerc on any sale shall e(|ual 
50 gallons for each barrel sold. On delicery of other than aboce 
barrels, an allowance of 50 cents per barrel shall be made by seller. 

4. Settlements of contracts for lel'ined cottonseed-oil shall be 
made on 'the basis of 34 gallons to the barrel. P.ickages for 

* \s aniciHlcd .iml atloitUMl Uv the ('itllmn-'t cd (^rll8lk'r^' \ssOtiation 

atthcannu.il inccfing.it McIn|)tll^,'Ft nil , |ul\ ju, 27. iScpj, old INmil (’ninforl, V.i , 
JutU' 1 j, If*, iijoo, Now Oilcaii'.. Ma\ 14, in, i>)Oi, Dalla-s, Vpril 2 .‘a, 21), and 
30, i<;02, Mcinphi-', Tcni , Ma\ 2(>, 27, 2S, mo.;, ,ind si f.inii'., Iuik (>, 7,'S moj. 
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refiiu'd oil mikl be good, hardwood, irondjound barrels, new or 
thoroughly cleaned refine bod barrel', painted or varni'hed They 
must be delivered in good 'hipping order and shall not be under 
50 or over 60 gallons each in case of c elivery. On delicery of jiack- 
agcs other than as above, an allowance not exceeding 50 eents per 
barrel shall be made by seller. Tares shall be tested, if rwiu.red 
by either buyer or seller, by emptying four barrels of eath 100 bar¬ 
rels, to be taken indiscnininately from the lot. .\llowance shall be 
made for difference in tares in exeess of one pound per barrel. 

Chosifuation .—Cottonseed - oil shall be classed and graded as 

follows: 

4. Prime summer xellow must be clear, sweet in flavor and 
odor, free from water and settlings, and of no deeper color than 
35 \ellow ;ind 7.1 red, on Locibond’s e(|Uivalent color scale. 

“The color examination shall be made as follows. I'he oil is 
|)laced in a jiure white four-ounce sample bottle; the depth of the 
oil in the bottle shall be 5', iitches. The bottle shall be placed in a 
tintometer which is jirotected from any light except reflected white 
light, and the reading made at the temperature of about 70° Fahr. 
If the oil is of ;i deeper color than the glass standard, 35 yellow, 
7.1 red, it shall not be prime.” 

3. Choice summer yellow must be sweet in flavor and odor, 
clear and brilliant in ap|)earance, and free from moisture. 

(,. OIT summer \ellow shall be free from water and settlings, oil 
in taste and color, an 1 shoul 1 be sold b\ samjile. 

7. Prime Crude. -Crale cottoiisecT - oil to pass as prime 
must be made fro.n sound decort rated seed, must be sweet in flavor 
and odor, free from water an 1 settlings, and must jiroduce prime 
summer yellow grade bv the usual relining methods with a loss in 
weight not exceeding () per cent. Provided, that anv oil that relines 
wdth .a greater loss than p per cent., but still makes prime summer 
yellow grade, It shall not be rejected, but shall be reduced in price 
by a corresponding per cent, of the contract iirice of the oil. 

8. Choiie crude oil must be made from sound decorticated seed; 
must be sweet in Ikivor .ind odor, free from water ;ind settlings, 
and lest not over i per cent. F. F. .\.; shall iiroduce, when projicrly 
refined, choice summer yellow oil at a loss in weight not exceeding 
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6 per cent, for Texas oil and 7 per (enl for oil from all other parts 
of the eoantry. 

9. Ofj Oil .—All oil neither ehoire nor prime shall be called “ OlT” 
oil, and should he sold In sample When off oil is sold on sample 
any oil tendered shall he eipial to sample, hut if it should refine at 
a loss exieediii}; the loss of the sample hv not o\(‘r 2 per cent , hut 
otherwise e(|ual, it is still a p'ood tender at a reduced price in pro¬ 
portion to the excess loss. 

The buyer shall hace the iiyht to reject the oil oulri.i'ht if il tests 
hewonci 2 |)er c enl relinin” loss as c ompared w ith the sale sample. 

Soap-stock.- to. .Ml sales, unless otherwise agreed upon by buyer 
and seller, are sold on a basis of yo per cent, fatly .icid, not to fall 
below 40 per cent. If conlainina less than 40 per cent, of fatty 
acid, soap stock shall not be considered merc hantable. Delivery 
to be made in iron-bound hardwood iiackawes or tank-eais. 

11. conir.icl lank-car of soap-s|oi k shall be 50,000 pounds, 
unless otherwise spec iliecl. 

Kolhina in this rule shall be mter|>retecl to li\ the amount of 
draft to bc’ drawn .lyainst sliipmeiits of soap stock 

Cottonseed-cake. —12. .V ton of cottonseed-cake is 2240 pounds, 
unless otherwise agreed. 

13. Cottonseed cake shall be graded and classed as follows: 

Choice cake must be bright yellow in color, sweet in odor, soft 

and friable in texture, not burnt in cooking, free from excess of 
hulls, and must itroduce, when properly ground, a bright meal of 
deep-canary color. 

14. Prime cake must be of good color, yellowish, not brown or 
reddish, sweet in odor, linn but not Ihnty in texture, free from e.x- 
ecss of hulls, and must produce, when jiroperly ground, a prime 
meal. 

15. Oj] Cakr. - Ml grades of cottonseed-cake which arc dis¬ 
tinctly olT'in color, taste, or odor, or which ha\e been improperly 
manufacturecl so as to incorporate in then a \er\ large percentage 
of lint and hulls, or to produce an exceedingly hard, Ihnty texture. 

16. Cottonseed-cake, unle-s otheiwise specilied, shall be packed 
in good, strong, sound Dundee bags, either new or second-hand, 
at the ojition of the seller, unless specified in contract. Packages 
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must be well sewed and in good shipping order and bear a shipping- 
mark or a brand. 

In lase of shipment of carload lots or over, the ollicial port 
inspector or some public cceigher, after delivery to buyer, may re- 
vveigh the shipment (but if weighed on track scales actual gross, 
tare, and net weights must be given), and certilicates so l.iken, and 
properlv sworn to, shall determine weight in all cases vvliere cake’is 
sold “delivered” or “weights guaianteed at deslinalion,” or, in 
case of loss in weight, the expense of weighing shall be |)aul by the 
seller; but in case the weights are found to be loireit or under- 
weighed, the cost shall be paid by the biiver, and the seller shall be 
paid for the exi ess weight so delerniined. 

Cottonseed-meal. —17. ton of cottonseed-meal is 2000 ixmnds, 
unless otherwise stated. sack of colton-eed-meal is loo pounds 
gross weight. 

Cottonseed-meal shall be c kissed and graded as follows 

18. —Must be the product from choice cottonseed-cakc 
when finelv ground, must be |>erfectly sound, svvect, and light- 
yellow color I'canarv), free from excess of lint ami hulls. .Vnalvsis 
must show at le.ist 8 per cent, of ammonia. 

19. Pr;;«c--Miist be made from prime cake, linelv ground, of 
sweet odor, reasonably bright in color, yellow, not brown or reddish, 
and free from exi ess of lint or hulls, and b\ analysis must show .it 
least 8 per lent, animoni.i for me.il from d'ex.is and the \[ississip|)i 
\'allev, .ind 7', ])er lent for me.il from the South Alkintic Slate’s. 

20. 0//.— \ny cottonseed-meal which i- distinctly delicient m 
any of the re(|uirenents of ])rime ipiality, either in color, odor, 
texture or analysis, or all. 

When off meal is sold b_v sample, delivery shall equal sample in 
everv rc'spei I exi ept in ammoni.i test, and shall not be rejeiled if 
the meal delivered tests not more ih.in one-htill of one per cent less 
ammonia th.in the ammonia test of the s.im|)le sold by, biit shall be 
reduced bv a corresponding per cent, of the lontmct price: other¬ 
wise it can be rejecte I outright 

21. Cottonseeil-meal shall be packed in goo 1 sound cental 
or lapliil.i bags, either new or second-hand (except where other¬ 
wise stipulated for packages designed for export in kilo or other 
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bags), 100 pounds gross wiight, whirh must be well sewuil and in 
good shipping order and bear a shipping-mark or a brand. 

t )n slnjiinents of i.irload lots or over the oltaial port inspee- 
lor or some puidu weigher shall have llie right to open lars after 
delivery to buyer and lake at random therefrom and reweigli a 
ntimbia- of the bags eipial to 5 per cent, of the entire numbei in tile 
car, and igion the basis of wiaglit so ascertained, and jirojierlv 
sworn to, the weiglit of llie enliie car shall be determined, ,ind, m 
ease a loss is shown, the expense of weighing shall be ])aid b\ the 
.seller. 

Should the whole 01 .in\ portion of ,1 sinpment of nie.d or i.ike 
not turn out eipial to llu- conlrai t ipiahtv, the bluer shall t.ike deln- 
ery at .in .illow.iiue to be lixi'd b\ ailiitralion, but if .in\ poition 
sh.dl be adjudged not to be within .Si 50 per long ton of the v.ilue of 
eontraet quahtj, the Inner sh.dl hate the option of rcjeiling ami 
lilt OKing b.u k siah pot lion at niai ket pru e of the (|uaht\ lonlr.uted 
for on the da\ of the rejection, the m.irket iirice to be decided by 
the .irbitiMtors 

Cottonseed. -t 7 i(sw 7 K(;//();(. -('otionseed sliall be ditided into 
two classes Prime seed .ind Off seed 

22. Prune Seed -Sh.ill be dean, drt, sound seed, free from 
dirt, tr.ish, and bolls. 

2j;. ()// Seed - -Seed not coming up to the renuiremcnls of piime 
seed shall be considered off seed. Off or damaged seed shall be 
settled for on its merits .uid comiiar.itue table .is against table of 
standard prime seed. 

General Rules. -In the etent of .1 dilferencc between buyer 
and seller as to weights, the s.ime shall be settled by the sworn ccr- 
tilieate of a ])ublii weigher at llie jioint of destination. In the ease 
of oil a (ertilic.ile must be furnished showing the condition and 
thorough emptting of l.ink .ind connectmg-pipes if weighed on tank- 
scales; (itherwise gross, l.ire, ,ind net weight shall be furnished, the 
expenses being ditided e(|ually. 

24. .\11 offers, sales, or purchases of cottonseed-oil (or other 
cottonseed products) shall be understood, unless specified to the 
contrary, to be f. o. b. cars at the mill, weights and (piality guar¬ 
anteed at destination when received in original ii.ickage in good 
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order; loss or damiiife by aciidciU or wrerka'^c in transit to be at 
biwer’s risk. Unless specially stated, oil shall be considered as 
sold loose, and buyer shall furnish tank-cars. 

25. .\11 sales of lottonseed products, unless otherwise spceilied, 
shall be for ( ash, payment to be made by resident buyers, on presen¬ 
tation of invoiee w ith railroad ti( ket siejiied, or bill of ladins; attai bed, 
show n" deliverv of ;toods to the larner in "ood order. .\ny tender 
of a <;raile of oil-meal or i.ike better than the grade sold shall be 
deemed a good delner}. 

2O. I’avment of non-resident buyers shall be by sight or demand 
draft, with 1 of r per cent, exchange with bill of lading attached, 
showing deliceiv of goods to the carrier m good order unless other¬ 
wise agreed 

27. When goods are delivered to the carrier as agreed, whether 
in whole or jiartial conijilction of trade, iiavment for same shall 
become clue, if ]iresented during banking hours; and all risks belong 
to the bluer. 

28. On all sales of cottonseed products to or through regular 
brokers the selle r -hall pay the brokerage, unless otherwise specially 
agreed. 

21 ). When a trade is closed with or through a broker it shall be 
understood that his fee has been earned, whether the goods are 
finally deluered or not. 

30. On all trades by tele-graph, day messages re(|uiring day 
answers shall be open until 12 midnight of the clay on which sent. 
Night messages shall be oiien until noon following the night on 
which sent. The time when telegrams are filed in telegiaph office 
sending same to goiern, and this rule to apply only when no specific 
time is stated m the original olfer. 

31. Rules generning trades in cottonseed products are only 
a|>pllcable in the absence of a specific written contract stating 
special conditions, but either |>arl\ to a trade may demand a formal 
written or jirinted conlnut as soon as the trade is com|)leted. Such 
contracts, unless specialh excepted, being subject to all the rules 
of this .\ssociation. 

32. ,\11 trades in cottonseed jiroduets shall be either immediate, 
prompt, or specifieci dates of delivery. 
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fl'l 1 :ii lie h.iti' sliall be williiii lue wiiibini' llav^. 

,(->) Proii|)l -.hall be uilliiii lei\ norkina dais. 

(3) Sjiecilie 1 llate^ aiionlnia lo (onirait. 

(|l ll Is undt |■sll)(l(l lliiil this rule ilees net refer to or in anv 
tiay.illul tile sales of oil 111 bmers' tanks 

In all eases the bill of ladiiiy sludl be e\ iileiic e of date of slii|iiiient. 

Buyers’Tanks. 33 lit <,ise the Inner fuinishes lank-e,10., slup- 
nieiitb. of same by biueis shall be as follous. 

Ill (kuK k shipment of enipt} tank-i.iis shall be within two 
workmy da\s. 

(2) Immediate shipnieiil of empl\ tank lais sh.dl be within 
live Morklni' d.i\s 

(3) I’ronipl shipnieiil of empty tank i.irs sh.dl be within ten 
working days. 

(4) Specifieil shipments: tanknais shall be forw.iided b) Inner 
in Stull lime that, in the ordinait tourse ol transport.ilnni, tin* t.ink- 
rars shall reath seller in time to ,dlow' him to make delneit as per 
contrail. In case tlie Inner does not funiish ta.nk t.iis as speuhed 
aboie, the seller, on arrnal of the l.ink-t.iis at Ills mill, ,il Ins own 
option, may or 111.i\ not fill them, but in cise he does, sh.dl be al¬ 
lowed to tharge the bitter $2,00 ]ier day for lath l.tnk-i.ir foi etery 
(kiy’s delat betond the e\))iralion of the tontrad time of shipment, 
but he must deilare his intentions in this regard within Iweiilt four 
hoiiis afle. expiration of the conliait time, pintided th,it this S2.00 
per d.it is ;i demurr.ige tharge onlt, ,ind that iiotliing in this rule 
may be l.ikeii to limit or iiiteifere with the rights of (ainellalion or 
limit the measure of d.iniage under the eontract. Hut in i.ise it is 
shown th.d the tank-iars were shipped 111 due time as speuhed 
abote, and debited en unite, the seller must till them, tharging the 
buter S2.00 per day ]iei tank as speiitied aboye, and buyer must 
.luept them under the loiilrail. The railroad retords to gotern 
.IS to time of shipments and lime of debt cries of tank-iars. In case 
,i t.ink-car is disabled or lost another t.ink-car is lo be forwarded 
]irompll) lit Inyter lo lake its place, it being understood that the 
arnt.il of tank-i.irs at the town where mill is Im.iled shall coiisliltile 
dehtery as spei ilied aboye. 

3P If more than one t.ink-iar is lo be turnished for the same 
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(k-lncry under one Iransulion, the lii^t tar only shall be shipped 
as al)o\e, and the balance shall follow as rapidly ;is the seller can, 
with certainty, load the same. 

,5a- I’ar. 2. Seller shall in all cases load lank-tars within forly- 
cipht hours of arrnal at destination, and to their full capacity when 
within contract reipiircments. 

,54- Tar. ,4. In case (he seller docs not load tank-cars withii\ 
forty-eifthl hours after their arrival ;it the mill he shall pay the buver 
$2.(X) |)er day for each tank-car for e\ery day’s delay beyond the 
forty-eiyht hours. In this case destination means mill wlien within 
free switching limits of the town where mill is loc.ilcd. The con¬ 
verse of this rule shall apply to buyers handlint; other tank-cars than 
their own. 

Tank-i ars delaycal durinic settlement of dispute b\ arbitration 
or otherwise shall be subject to demuri.yee at the rate of S2 00 per 
(lav less the customary tinloaclin,e time of fortv-epylit hours, the 
parts 111 error to pay tlie demtirraei 

.Seller shall in all cases ins|)ect tank-cars .ind (lean them if 
necc'ssan, at the eviiense of the buyer, chareine onlv .ictual cost 
tor same. 

Time Contracts. 55. When a time contract is made for any 
one of the jiroducts of a null, with a date specilied for the ecjiira- 
tion, and the (|uanlily or <|uality or botli are not stipul.ited, it is 
understoesd to be for .ill the possible output of the partiiuLir products 
named, that tan be made from seed worked up to midnieht of the 
last d.i\ named in the contr.ict, the whole to be put in pioper con¬ 
dition for shipment as speedily as piis-,ible after the (kite of evpira- 
tion of (ontrac t. 

yti In all lime contracts it is understood ih.il the null is to run 
to Its full cap.icily and to Use every means known to produce eoods 
of the ciuality stipulated, when so named, and it failure to do either 
or both of these appears intentional, then both actual and .conse- 
(|uenti.il clamai'cs may be awarded by (he .Irbitr.ition Committee. 

In case mill burns, the contract is \oid, jirocided, howewer, that 
linished jiroducts on hand at the time of the lire, covered by e\ist- 
inft contracts and not burned or d.imaged, shall still a|ipK thereon. 

Claims. 57. \ll claims a,gainst shipments of cottonseed prod- 
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nets must l)C made within I'ne da\s after their arrisal at Anna u an 
|H)ivit (if (k'stinatiiin (exdpt (l.tinis for demurrage on t.ink-cii^, in 
whieh case thirls days shall be allossed in sslmh to file (laiiiis), 
except :i prodml for export, in ssIikIi case tsventy dass sh.dl be 
allossed after arrisid at Ameiuan point of destination. 

;,8 No slaini from any foreign market ssill be recooni/.ed nnkos 
the proper samples of the aoods are t.ikdi ,ind presersed pn-sann 
to their leasnio the Amera.m shore, nnk‘s, samples are di.issn 
before uanosal from k uaen diuk, ,ind s,im|)les taken aKorilnif' 
to the rules eosernine: samples 'I'his shall only appls to shipiients 
on through bills of kidme 

yi). All cl,unis to be bioU"ht before the (oiimittee of this ,isso- 
ciation must be anompanied bs an .ilfid.isil from ,i reliable p.irty, 
siibstanti.dls in the follossine form, de'enbint; and identifsiiia the 
samples submitted as taken fiom and faaly representint' the entire 
shipment. 

Form for Claims.- 40. 1 , the unddsietned, do luaebs m.ike 

allidasit th.it 1 h.ise di.issii fair and tiue samples fioni . 

p.iekaee of .11(1110 not less th.iii .pm' (dit of the 

entile number of paik.ioes diibrased in a shipnidit made bs . 

from . as esideiiced bs bill ol ladiiio datdl .and 

issudl bs . 

'Idle sampks ssere (.trefulls takdi so as to sd ure a fan K'pre- 
sdilation of the tonleiUs of the indisidual p.n kaoe and a line aser- 
ape of the (luallts of the dilire sliipmelit. 

1 (ertifs to the (oriedness of the sani|)les sshnh ate m.liked as 

follows .ind sslmh represent the shipment m.iiked or 

idditiried as follosss .01 eoiit,lined in . Sssoin to 

befoie me, a Notars 01 J. 1 ’ ol.and State of.and 

(hils aulhori/ed bs kiss to l.ike depositions, .counts and 

Stale of.. •mil dub .lulhoii/.ed bs l.isv to lake depositions, 

this .. .s .... das of. 111... 

Samples. 41. S.iniples lepiesenlatise of any shipment of cotton¬ 
seed i>ro(lucl.s, to secure the official reeopnition of this .\ssoc lation or Us 
committees, must be secured m subslanluilly the follossinp ni.inner. 

42. Chi .— If 111 lank-cars at least tsso palloiis must be taken 
Well dossil in the bods of oil, and from this one-gallon s.miplc shall 
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be drawn and placed in a peifectly clean tin can, which shall be 
securely fastened up, without the use of sealino-wax', and carefully 
labelled so as to guarantee its identity and correctness, .ind for the 
Use of the Arbitration Committee. 

In case of contention and wlieii agreed sample's are not furnished, 
the .\rbitration ('ommiltee may consider sam|)les furnisheil by 
both the seller and bluer; careful attention being given to prop.- 
erly sworn statements as to the m,inner of procurement and identi¬ 
fications of the samples furnislieil. 

43. // in Barrch .—A regular four-ounce saniiile bottle shall be 
filled from at least 10 jier cent, of the barrels, seleclecl at random, 
each sample to be from a separate barrel, and so t.iken as to rc'iire- 
sent Its entire contents. Each sample so taken slnill be sealed and 
labelled .is prmided .ibovc. 

44. Cake. —Sam[)le pieces not less than three inches square 
shall be taken from at least 5 per cent, of the packages m each car¬ 
load or in the entire lot if not shipped in car load lots, which pieces 
shall be wrapped in such manner as to keep eaih lot separate and 
distinct and f.nrlv representing the shipment from which taken. 
These samples shall be sealed and labelled so as to thoroughly identify 
them and the shipment which they represent. 

45. Meal .—Two ounces or more from a sack sh.ill constitute 
a sample of meal and must be drawn so as to fairly represent 
the entire contents of the bag. 'I’wenty samples from each car¬ 
load, or fifty sacks from each 100 tons, if not shipped in car-lots, 
shall be suffu lent to represent a shipment. Se])arate samples 
of metil should be well wrapped in heaw paper, sealed, and 
labelled, so as to identify them and the shipment they repre¬ 
sent. Samples of meal, if of appro.ximately the same grade and 
f|ualitv, need not be kejit separate, but may be comminglecl, in 
which case they must be placed in a metal mailing- or sample-box 
and carefully marked, showing the number of samples taken, as 
well as car numlier and mark. 

Provided, that where large lots of cake or meal lire involved, 
representative samples taken practically as herein prescribed, not 
less than five jiounds in weight for cottonseed-cake, or two pounds 
for cottonseed-meal, shttll be deemed a compliance with these rules. 
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46. Soap-slo(k. — Wlicn in tank-cars, samples shall be drawn 
frcim llowini^ slmk at leniilar inler\als as lank is lieing loaded in 
the preseiKcof the represenlali\e of the sidler, as pnnided in Rule 
47. Samples sh.dl be taken in the ai>pro\iniate proiiorlion of a 
pounds to each 10 barrels, and a thoiou^h micture made of the 
same. From tins miMure ihiee 1 pound sam|)les shall be taken, 
w'hiih shall be hermetualU se.deil m i.in or Mason jai wilh lubber 
gasket. The first to be foiu.iided to the Inpver, the second to be 
retained bv the seller and tested by his ihemist, and the third to be 
retained intact, hernieliccdly scadc'd and ]irop(‘rly niarkeil foi iden- 
til'Kation bv the seller. If iiniiraelic able for the buyer to lie lepre- 
sented when samples are drawn at the mill, samples shall bc’ drawn 
by the biiver at destination in the presence of a represent.ili\e of 
the .seller or bv a public inspector. In the event of dilference in the 
test between the seller’s chemist and the buyer’s chemist, the third 
sample sh.dl be submitted to a disinterestc'd chemist to be agreecl upon. 

If in bariels, sam|jles sh.dl be drawn with a trier from e.uh and 
everv bairel and a g.dlon sample from the mixture, which sh.dl con¬ 
stitute the test for the lot, samples to be drawn from tanks or bar¬ 
rels liv sampler. 

47. I’ar. T. Samples shall in ecery case be drawn in the piesence 
of represent.itives of both buyer and seller, b\ reliable part) or p.irties, 
who sh.dl make aHid.ivit as iiresciabed be thc'se rules in the “f'oim 
of C'l.iims.” 

47. Par. 2. If the seller refuses or neglects for forty-eight hours 
after notification to ajipcsir in person or appoint a lepreseutativc to 
draw' the samples in the iiresence of the buyer or his representative 
for arbitration, then the buyer may appoint any disinterested person 
to draw such samttles. 

47. Samples drawn and jiresented to the Association, with all 
expenses paid in accorcl.ince with the' above reciuirements, and 
with the prescribed form .uid .igreeincnt attached, shall be considerccl 
sufficient evidence for arbitration. 

Where ’claims are made and not sustained, the claimant must 
])ay all the expenses incurred. 

Arbitration.— 48. P.ir. 1. Arbitration may be held at New York, 
Memphis, .Mlanta, New Orle.ins, Chicago, Dallas, or (ialveston, 
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as agreed by the parties at dilTerenee, and, in (ase the\ cannot agree, 
then as determmed by the Secretary of the Association. .\t jhe 
above-mentioned points and all others where apphiation is made 
from not less than ten members, and if in his opinion it isadiisable, 
the President of the .\ssotiation, a.s soon as eon\enient after his 
election, shall appoint a Permanent Committee of .-\rbitration, to 
(.(insist of Ibe members, any three of whom shall constitute a (piorum 
for the transaction of business. Each (ommiltee shall meet, upon 
call of its chairman, as often as is necessary tor the proin|it dis¬ 
patch of business, and as (ompensalion shall reieicc, for each such 
meeting, a fee of S35, to be dnided as l.iter procided, together nith 
tr.nelling and hotel expenses of the members actuallc in attend.nice 
and sercing, which he sli.dl be ilnided ei|U,dly .igaiiisi losers in 
Sikh cases as mav be acted upon at each meeting. 

48 Par 2. The p.utx dem.tnding the .iibitr.Uion, ,it the time of 
the demand, and the other ixirtc u]ion consenting to il.sh.ill deposit 
with the Secretaiw of the .Vssociation ,i fee of 8:;o, of wliuh, inc.ise 
of lossj theie sh.dl be p.iid for eac h case .810 to the .\sso( i.ition, 8:; 
to the peim.inent ch.iirm.in of the Committee of .\rbUi'ation, whiih 
sli.dl be in addition to his lagulir pro|ioition of the commillee's 
fee of isgs, whuh .imount sh.dl be dnided eipi.ill} belweeii the 
members of the committee' .nlu.dl) sercing on tiu' case and the 
c.xpeiiscs of ea( h sere ing memlier, the balaiK e, if .111}, to be refunded. 

48 Par 4 No person,d .ippe.ir.ime will be ]ieimilted before 
the .\ibilralion CommiUec cAcepI upon the unanimous leipiest of 
the comnntlei, Hefore i.dling the .\rbitralion Commitli'e togedier 
the Secrelarc of the Xssoci.ition shall procure from each ji.irtc loihe 
arbitialion an agreement in writing 1( .ibide be the dei ision ol the 
.Xibitration Committee, and to pac imiiK'dialc 1 ^ the amount of the 
award. 

4,8. Par p .'\n a])]ieal to the Exetulue Committee from the 
dcaision of the .Xrbilr.ition Committee ni.ic be h.id b_\ eilhe; |iaity 
upon written notice' within lice da\s m cases where the aw.iid is occr 
S400. 'Pile party making the appeal shall de|iosit with the Secre- 
tarc of the .'Xssik iaiion thc' full amount of the award, pigs ,$50, to 
cocer expenses of the a])peal. 

48. I’ar, 5. In cases of an apfieal the Secretary shall call thc 
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Excfuli\c ('i)mmilU'e tiigcther and iht majdrilv »[ them shall lon- 
itiUitf ;i i|Uorum, anti cadi nicmlKT serving shall reeene Sio and 
his tra\elhng expenses to and from the plaee of meeling. d'lie loser 
shtdl |);i\ till expenses of the arbilralion and the lixuelhng expenses 
of the arbitrators. 

{8. I’ar. 6 Should a member fail or refuse to submit to the 
demand of another member for arbitration or ilelu or obsliml siuh 
demands for fixe da_\s after proper noliie, the (haiiman of tlie I’l-i- 
manent Committee on Arbitration, ii|ion reieipl of sin h (omplainl, 
shall proeied at oine to satisfy himself as to the fails, ,ind these 
being salisfatlory shall immediately proieed with the arbili.ilion 
ex ])aile, and the deiision so rendered shall be of full four and 
el felt. 

1<8 I’ar Should an\ member refuse or delax for ihiee dais 
to pax in full anx award of the \rbilralion Commillee, tin other 
membeis to the arbitration max report the nuitter to the ihairman 
ol the I’erm.ineiit Committee of \vbitralion, xiho shall .it om e pio- 
leed to satisfx himself as to the lorveitness of the lomplainl, and if 
(ontlrmeil shall at ome notilx the I’resideiU of the Assouation, who 
shall imniediatelv, thiough the Seiretarx, demand of the parti at 
fault paxmenl, and if siiih paiment is not made within thiee davs 
thereafter the member shall lie immedialelx expelled fiom the \sso- 
(ialion, and the I’resident, oier his signature, loimteisigned with 
the Sei retail's, shall so notifx him and at the same time, and in the 
same m.inner, issue a iiriular letter to exerx member of the .\sso- 
(lation noiii'xing them that stuh menibia has been expelled Irom 
the Assoii.ition for not lonfoimmg with the proxisnm of Kule |S 
.\nv member so exjielled shall not ag.iin beiome a member of 
this Vssoiiation until stub ilaim shall haie been sati-lied in full, 
and then onli upon a majorilx xote of the e.xeaitixe lommillre 
gK. bar, 8. .Ml expense of arbltialion shall be borne In part) 
agtiin''t whom .iixaid is made. 

,(8. bar 1) Should anx buyer or seller iniorpor.ile in anx lon- 
trait of luiiihase and sale londitions looking to the adjustment of 
differemes that max aiise under it by anx other tribunals ih.in those 
proxtiled b\ this .\ssoiiation and existing under and goxerned by 
its rules. It IS imdeistood that stuh eontraU is made and aiiciilcd 



238 


CO TTON^EFD PROD UC'J S. 


entirely independent of this Association, and dilferences wltieh tirisc 
under it shall not h’C sliIdJccI for its eonsideratio r or arbitiation. « 

4y. In case cf differeiKcs between menibeis of this Association 
that cannot be amicably adjusted promptly, same shall be settled 
by arbitration upon the a]>j)lication of either, and the Secietury 
shall tall such arbitration at such plate as he deems liest 
prom])tly upon notice of siuh retjiiest. Any membei lefusina to 
arbitrate for five days after suth has been demanded, or failing to 
pay the award of an arliitration committee within three days after 
havin'' been notified of it, shall be expelled from the Assotialion by 
the Executixe Committee upon proper tomplainl, and every mem¬ 
ber of the Association notified by the Secretary. 

Any memlier with whom an arbitration is demanded sliall not be 
allowed to resiyn before all matters in tjuestion are settletl; the Sec¬ 
retary to give all notices reijuired under this rule by registered mail. 

Measurement.— 50 Rule for determination of gallons from 
weight of oil at different temperatures; 

A gallon of cottonseed-oil at 70° Fahr. weighs 7.65 pounds. 

For each Fahr. degree above 70° deduct .003 ])ound per gallon. 

(Example; Oil at 80° Fahr. (io°X.oo3 ; .03) would weigh 7.62 
pounds per g.illon.) 

For each Fahr. degree below 70° add .003 pound per gallon. 

(Example; Cil at 50° F.ihr. (2o°X.oo3 ; .oO) would weigh 7.71 
pound- per gallon ) 

To arrixe at gallons of oil in tank-iar, divide the net weight 
of the oil by the factor obtained as above. 

(Fxami)le; Net weight oil in tank, 46,000 pound-; temperature 
oil in tank, 50° Fahr.; i gallon etiuals 7.71 iiounds; 46,000 pounds 
divided by 7.71 gallons equals 5<)66 27-100 gallons.) 

Cottonseed-hulls. -51. (i) A ton of tottonseed-luills shall be 

2000 pounds. 

(2) \ tar-load of liulls for contract |iurposes shall be the minimum 
xveight fixed by the railro.id tariff prevailing at point of shipment. 

(2,) .Ml claims against .shipments shall be as pertaining to all 
other cottonseecl products. 

Cottonseed Linters. -Cottonseed linters shall be governed in 
sale by special contract. 
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Abbott, A< V. The Electrical Transmission of Enerfjr..___ Sro, *$s oo 

-A Treatise on Fuel.ifimo, o 75 

-Testing Machines.i6mo, 0 75 

Abraham, Herbert Asphalts and Allied Substances .8vo, 5 oo 

Adam, P. Practical Bookbinding.iimo, 2 50 

Adams, H. Theory and Practice in Designing- dvo, *2 50 

Adams, H. C. Sewage of Sea Coast Towns. 3 vo, *a 50 

Adams, J. W. Sewers and Drains for Populous Districts . Svo, 2 50 

Addyman, F. T. Practical X-Ray Work. Svo, 5 00 

Adler, A. A. Theory of Engineering Drawing. Svo, 2 jo 

-Principles of Parallel Projecting-line Drawing Svo, r 25 

Aikman, C. H. Manures and the Pnnciples of Manunng Svo, 

{KefrinUmj.l 

Aitken, W. Manual of the Telephone. Svo, *8 00 

d’Albe, E. E. F. Contemporary Chemistry. irmo, r 50 

Alexander, J. Colloid Chemistry. laino, i 00 

Allan, W. Strength of Beams Under Transverse Loads .iSmo, 0 7J 

-Theory of Arches. i6mo. 


Allen, H. Modern Power Gas Producer Practice and Applications lamo, 

I Keptmling ) 


Anderson, J. W. Prospector’s Handbook.iimo, i 75 

Andds, L. Vegetable Fata and Oils. Ivo, *6 00 

-Animal Fats and Oils. Svo, 5 00 

-Drying Oils, Boiled Oil, and Solid and Liquid Driers .. Svo, *6 00 

-Iron Conosion, Anti-fouling and Anti-corrosive Paints . Svo, S 00 

-Oil Colors, and Printers’ Ink. .Svo, 400 

-Treatment of Paper for Special Purposes... ... .iimo, 300 

Andrews, E. S. Reinforced Concrete Construction. lamo, *2 00 

-Theory and Design of Structures.Svo, *3 50 

-Further Problems in the Theory and Design of Structures Svo, *2 50 

— The Strength of Materials.Svo, *4 00 

-EImHo Stresses in Structures.Svo, 9 00 

Andrews, E. 8., and Heywood, B. B. The Calculus for Engineers, ismo, *2 00 

Annual Reports on the Progess of Chemistry. Fifteen Volumes now 

ready. Vol. I., 1904, Vol. XV, 1919.8vo, each, 2 00 

Argand, M. Imaginary Quantities. rbmo, 0 73 


Armstrong, R., and Idell, F. E. Chimneys for Furnaces and Steam Boilers. 

i6mo, 0 75 
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Arnold, E. Armature Windings of Direct-Current Dynamos 8vo, 2 00 

Asch, W., and Asch, D. The Silicates in Chemistry and Commerce 8vo, 7 50 
Ashe, ^ W., and Keiley, J. D. Electric Railways. Theoretically and 


Practically Treated. Vol. I. Rolling Stock irmo, *2 50 

Ashe, S. W. Electric Railways. Vol. II. Engineering Preliminaries and 

Direct Current Sub-Stations . i2mo, *2 50 

-Electricity: Eiperimentally and Practically Applied rrrao, *200 

Ashley, R. H. Chemical Calculations. lamo, 2 50 

Atkins, W. Common Battery Telephony Simplified . . . tamo, *r 25 

Atkinson, A. A. Electrical and Magnetic Calculations 8vo, ’*i 50 

Atkinson, J. J. Friction of Air in Mines i6mo, 0 75 

Atkinson, J. J., and Wiliiams, Jr., E. H. Gases Met with in Coal Mines. 

i6mo, 0 75 

Atkinson, P. The Elements of Electric Lighting lamo, i 50 

-The Elements of Dynamic Electricity and Magnetism . lamo, 2 00 

Auchincloss, W. S. Link and Valve Motions Simplified . . 8vo, *1 go 

Audley, J. A. Silica and the Silicates. Syo (In Press ) 

Austin, E. Single Phase Electnc Railways ... 4to, *5 00 

Austin and Cohn. Pocketbook of Radiotelegraphy. . (In Press ) 

Ayrton, H. The Electric Arc. 8vo, 5 50 

Baff, W. E. Sale of Inventions.lamo (hi Press) 

Bailey, R. D. The Brewers’ Analyst. . . Svo, ♦; 00 

Baker, A. L. Quaternions. Svo, i 50 

-Thick-Lens Optics .. lamo. *1 50 

Baker, Benj. Pressure of Earthwork .... i6mo. 

Baker, G. S. Ship Form, Resistance and Screw Propulsion. . Svo, *4 50 

Baker, I. 0 . Levelling . i6mo, 0 75 

Baker, M. N. Potable Water. . , . i6mo, o 75 

-Sewerage and Sewage Purification.. ... i6mo, 0 75 

Baker, T. T. Telegraphic Transmission of Photographs . . .lamo, 

, (ReprmUnj 1 

Bale, G. R. Modern Iron Foundry Practice, ramo. 

Vol. I. Foundry Equipment, Materials Used. *3 00 

Ball, J. W. Concrete Structures in Railways. Svo, *2 50 

Ball, R. S. Popular Guide to the Heavens . Svo, *5 00 

-Natural Sources of Power. Svo, 2 50 

Ball, W. V. Law Afiecting Engineers. Svo, *3 50 

Bankson, Lloyd. Slide Valve Diagrams. i6mo, 0 75 

Barham, G. B. Development of the Incandescent Electric Lamp Svo, 2 50 

Barker, A. F. Textiles and Their Manufacture . Svo, 2 50 

Barker, A. F., and Midgley, E. Analysis of Woven Fabrics Svo, 3 50 

■ Barker, A. H. Graphic Methods of Engine Design irino, 2 00 

-Heating, and Ventilation 4to, 900 

Barnard, J. H. The Naval Militiaman’s Guide i6mo, leather i 00 

Barnard, Major J. G. Rotary Motion. . i6mo, 0 75 

Barnes, J. B. Elements of Military Sketching . i6mo. *0 75 

Bafnett, E. deB. Coal-Tar Dyes and Intermediates Svo, 3 50 

_Explosives, Matches and Pyrotechny Svo (In Press.) 


_Synthetic Dyes .... Svo (In Press) 

Barrowcliff, M., and Carr, F. H. Organic Medicinal Chemicals Svo, 

(In Press ) 
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Barrus, G. H. Engine Tests.8vo, *4 00 

Baterden, J. R. Timber. ...bvo, *250 

Bates, E. L., and Charlesworth, F. Practical Mathematics and 

Geometry. lamo, 

Part I. Preliminary Course. i 00 

Part 11 . Elementary Course... . i 00 

Part III. Advanced Course _ i 50 

-Practical Mathematics tamo, *2 00 

-Practical Geometry and Graphics izmo, 200 

Batey, J. The Science of Works Management lamo, *2 00 

-Steam Boilers and Combustion . . lamo, ’•'2 00 

Bayonet Training Manual .... i6mo, o 30 

Beadle, C. Chapters on Papermaking. Five Volumes lamo, each, '*2 00 
Beaumont, R. Color in Woven Design. . 8vo, *6 00 

-Finishing of Textile Fabrics. 8vo, ’5 00 

• — Standard Cloths. . 8vo, *6 00 

Beaumont, W. W. The Steam-Engine Indicator 8vo, 2 50 

Bechheld, H. Colloids in Biology and Medicine . . 8vo, 5 00 

Beckwith, A. Pottery 8vo, paper, 0 60 

Bedell, F. Airplane Characteristics. 8vo, i 60 

-The Air Propeller. 8vo, i 00 

— The Airplane _ . . 8vo ( hi I'rcss ) 

Bedell, F., and Pierce, C. A. Direct and Alternating Current Manual. 

8vo, 2 00 

Beech, F. Dyeing of Cotton Fabrics 8vo, 5 00 

Dyeing of Woolen Fabrics . 8vo, *3 50 

Beggs, G. E. Stresses in Railway Girders and Bridges .. ..{In Press.) 

Begtrup, J. The Slide Vaive 8vo, *2 00 

Bender, C E. Continuous Bridges ... i6mo, o 75 

—rr-pfopojtions of Pins Dsed in Bridges . i6mo, o 75 

Bengough, G. D. Brass. .. .. (/« /’ms) 

Bennett, H. G. The Manufacture of Leather. 8vo, 6 00 

-Animal Proteids. 8vo, (/ii Press) 

Bernthsen, A. A Text-book of Organic Chemistry ... . lamo, 3 50 

Bersch, J. Manufacture of Mineral and Lake Pigments . .. 8vo, 6 00 
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Btnnie, Sir A. Rainfall Reservoirs and Water Supply. . .. 8vo, 4 00 

Bin«i C. F. Manual of Practical Potting 8vo, d 00 

.-The Potter’s Craft.. . .i2mo, *200 

:Birclun«re, W. H. Interpretation of Gas Analysis.ismo, *t as 

Blaine, K. G. The Calculus and Its Applications.lamo, " 1 75 

Blake, W. H. Brewers’ Vade Mecum. 8vo, *4 00 

Blanchard,' W. M. Laboratory Exercises in General Chemistry lamo, i 00 

^lasdale, W, C. Quantitative Chemical Analysis.lamo, 2 50 

Bloch, 1 . Science of Illumination.8vo, 2 50 

Blyth, A. W. Foods; Their Compesition and Analysis.8vo, 8 50 

—^#>oiBons: Their Eflects and Detection.8vo, 8 50 

Bock>uann, F. Celluloid. lamo, *2 50 

^dmer, G. R. Hydraulic Motors and Turbines . . tamo, 5 00 

Boileau, J. T. Traverse Tables 8vo, 5 00 

Bouncy, G. E. The Electro-platers’ Handbook .larao, 1 50 
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Booth, N. Guide to the Ring-apinning Frame i2mo, 

Booth, W. H. Water Softening and Treatment 8vo {Ri'pniiinKi » 

-Superheaters and Superheating and Their Control 8vo, 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 
\ Working . . 4to {Rrpnniiii.i i 

Bottler, M. Modern Bleaching Agents 
Bottone, S. R. Magnetos for Automobilists 

-Electro-Motors, How Made and How Use 

Boulton, S. B. Preservation of Timber 
Bourcart, E. Insecticides, Fungicides and Weedkillers 
Bourgougnon, A. Physical Problems 
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-Elementary Treatise on Hydro-mechanics umo, 

-A Treatise on Roofs and Bridges . 12010, 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, 

Bradford, G Whys and Wherefores of Navigation 12010, 

— Sea Teims and Phrases iimo, fabrikoid {In ) 


i2im>, 

i2mo, 

12010, 

i6mo, 

8vo, 

iGnio, 

8vo, 

8vo, 

i6mo, 

umo, 


8vo, 

i6mo, 

3 \ 0 , 

i6mo, 

8vo, 

8 vo, 

h'cpnufiiii; 1 
i2mo, 


Bragg, E. M. Design of Marine Engines and Auxiliaries 
Brainard, F. R. The Sextant * 

Brassey's Naval Annual for 1919 
Briggs, R., and Wolff, A. R. Steam-Heating 
Bright, C. The Life Story of Sir Charles Tilsoi Bright 
- — Telegraphy, Aeronautics and War 
Brislee, T. J. Introduction to the Study of Fuel 8vo ( 

Broadfoot, S. K. Motors* Secondary Batteries 
Broughton, H. H. Electric Cranes and Hoists 
Brown, Q. Healthy* Foundations i6mo, 

Brown, H. Irrigation 8vo (A’c/’ho/.-o./ ) 

Brown, H. Rubber 

_W. A. Portland Cement Industry 

Brown, Wm. N. Dipping, Burnishing, Lacquering and 
Brass Ware 

-Handbook on Japanning 

Brown, Wm N. The Art of Enamelling on Metal 

_House Decorating and Painting 

_History of Decorative Art 

-Workshop Wrinkles 

Browne, C. L. Fitting and Erecting of Engines 

Browne, R. E. Water Meters „ , „ 

Bruce, E. M. Detection of Common Food Adulterants 
Bruniier, R. Manufacture of Lubricants, Shoe Polishes and Leather 
Dressings 

Buel, R.' H. Safety Valves , „ , 

Bunkley T W Military and Naval Recognition Book 
Rnrlev G W. Lathes. Their Construction and Operation 

_Machine and Fitting Shop Practice. 2 vols tamo, each, 

■_Testing of Machine Tools 

Burnside, W. Bridge Foundations 
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Bronzing 

i2mo, 

izmo, 
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8vo, 
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itjmo, 
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1 00 
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5 00 
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Curstall, F. W. Energy Diagram for Gas. With Text.8vo, 150 

-Diagram. Sold separately . *t 00 

Burt, W. A. Key to the Solar Compass .i6mo, leather, 3 50 

Buskctt, W. Fire Assaying . umo, *i 25 

Butler, H. J Motor Bodies and Chassis . .8vo, *3 00 


Byers, H. G., and Knight, H. G. Notes on Qualitative Analysis.. .8vo, 

t.Vi'iu tdition 111 Freparation ) 


Cain, W. Brief Course in the Calculus.umo, *i 75 

-Elastic Arches . . . .i6mo, 0 75 

-Maximum Stresses .i6mo, o 75 

-Practical Designing Retaining of Walls.i6mo, 075 

-Theory of Steel-concrete Arches and of Vaulted Structures. 

i6mo, 0 75 

-Theory of Voussoir Arches. i6mo, o 75 

-Symbolic Algebra .i6mo, o 75 

Calvert, G. T. The Manufacture of Sulphate of Ammonia and 

Crude Ammonia .raroo, 4 00 

Camm, S.l Aeroplane Construction .... . .ismo, 300 

Carhart, H. S. Thermo Electromotive Force in Electric Cells, 

(In I'ress.) 

Carey, A. E, and Oliver, F. W. Tidal Lands ... .8vo, 5 00 

Carpenter, F. D. Geographical Surveying i6mo. 

Carpenter, R. C., and .Diederichs, H. Internal Combustion Engines 8vo, 5 50 

Carter, H. A. Ramie (Rhea), China Grass umo, *3 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning .. 8vo, *3 50 

-Bleaching, Dyeing and Finishing of Fabrics.8vo, *1 35 


Cary, E. R. Solution of Railroad Problems with the Slide Rule i6mo, *1 00 

easier, M. D. Simplified Reinforced Concrete Mathematics .umo, •! 00 

Cathcart, W. L. Machine Design. Part I. Fastenings .8vo, *3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics.. 8vo, *3 00 

——Short Course m Graphics . .umo, 150 

Caven, R. M, and Lander, G. D. Systematic Inorganic Chemistry. umo, 205 

Chalkley, A. P. Diesel Engines .8vo, *'4 00 

Chalmers. T. W. The Production and Treatment of Vegetable Oils, 

4to, 7 50 

Chambers’ Mathematical Tables . 8vo, 2 50 

Chambers, G. F. Astronomy i6mo, *i 50 

Chappel, E. Five Figure Mathematical Tables . 8vo, a 50 

Charnock, Mechanical Technology Svo, 3 50 

Charpentier, P. Timber Svo, *6 00 

Chatley, H Principles and Designs of Aeroplanes. i6mo, 0 75 

-How to Use Water Power .lamo, *1 50 ’ 

-Gyrostatic Balancing . Svo, *1 35 

Child, C. D. Electric Arc . Svo, '*2 00 

Christian, M. Disinfection and Disinfectants . lamo, 2 jo 


Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming. Svo, *3 00 

■ -Chimney Design and Theory .Svo, *3 00 

-Furnace Draft i6mo, o 75 

■ -Water; Its Purification and Use in the Industries.Svo, *2 oo_ 

Church’s Laboratory Guide.Svo, 2 50 

Clapham, J. H. Woolen and Worsted Industries.Svo, 3 00 
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Clapperton, G. Practical Papermakmg .Bvo (Reprinting.) 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction . *4 oo 

. Vol. II. Design . . .8vo, *3 50 

Clark, C. H. Marine Gas Engines. New Edition. a 00 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers’ Materials. 8vo, *4 00 

Vol. II. Sanitary Plumbing and Fittings . . (In Press) 

Vol. III. Practical Lead Working on Roofs ... (In Press) 
Clarkson, R. P. Elementary Electrical Engineering (In Press ) 

. Clerk, D., and Idell, F. E. Theory of the Gas Engine .. i6mo, 0 75 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

i6mo, morocco, a 50 

Clouth, F. Rubber, Gutta-Percha, and Balata Bvo, *6 00 

Cochran, J. Concrete and Reinforced Concrete Specifications . 8vo, *2 50 

-Treatise on Cement Specifications 8vo, *i 00 

Cocking, W. C Calculations for Steel-Frame Structures lamo, *2 50 

Coffin, J. H. C. Navigation and Nautical Astronomy lamo, 3 00 

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions i6mo, 0 75 

Cole, R. S. Treatise on Photographic Optics . lamo, 2 00 

Coles-Finch, W. Water, Its Origin and Use ... . 8vo, *5 00 

Collins, C. D. Drafting Room Methods, Standards and Forms 8vo, 2 00 

Collins, S. Hoare. Plant Products and Chemical Fertilizers 8vo, 3 00 

Collis, A. G. High and Low Tension Switch-Gear Design 8vo, ’*3 50 

-Switchgear ... irmo, o 50 

Colver, E. D. S High Explosives 8vo, 12 50 

Comstock, D F, and Troland, L. T. The Nature of Electricity and 

Matter 8vo, 2 50 

Coombs, H. A. Gear Teeth i6mo, 0 75 

Cooper, W. R. Primary Batteries .8vo, *6 00 

Copperthwaite, W. C. Tunnel Shields . .4to, *0 00 

Corfield, W. H Dwelling Houses. i6mo, 0 75 

_Water and Water-Supply i6mo, 0 75 

Cornwall, H. B. Manual of Blow-pipe Analysis .8vo. *2 511 

Cowee, G. A. Practical Safety Methods and Devices. 8vo, 4 00 

Cowell, W. B. Pure Air, Ozone, and Water. izmo, *2 50 

Craie T W.. and Woodward, W. P. Questions and Answers About 


Electrical Apparatus . icamci, i 5c; 

Craig, T. Motion of a Solid in a Fuel . iSmo, o 75 

_Wave and Vortex Motion .i6mo, o 75 

Crehore, A. C Mystery of Matter and Energy ... 8vo, t 00 

_^New Theory of the Atom . (I" Pre.'ts) 

Crocker, F. B., and Arendt, M. Electric Motors .. 8vo, *2 50 

Crocker F B , and Wheeler, S. S. The Management of Electrical Ma- 

.’chinery . 

Crosby E D, Fiske, H. A., and Forster, H. W. Handbook of Fire 

^’Protection . ~ 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its 
c,iu3o, .8vo (Repnn'tnqt 

Crosskey r R. Elementary Perspective 8 vo, i 50 
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Crosskey, L. R., aai Thaw, J. Advanced Perspective.8vo, a oo 

CuIIey, J. L. Theory of Arches.i6mo, o 75 

Cushing, H. C., Jr., and Harrison, N. Central Station Uanagement... 00 

Dadourian, H. M. Analytical Mechanics.lamo, *3 00 

-Graphic Statics .. . 8vo, 0 75 

Danby, A. Natural Rock Asphalts and Bitumens.Svo, *250 

Darling, E. H. Inorganic Chemical Synonyms.iimo, 1 00 

Davenport, C. The Book .8vo, 2 00 

Davey, N. The Gas Turbine Svo, *4 00 

Davies, F. H. Electric Power and Traction .Svo, *2 00 

— Foundations and Machinery Fixing . i6mo, i 00 

Deerr, N. Sugar Cane .Svo, 10 00 

De la Coux, H. The Industrial Uses of Water. Svo, s 00 

Del Mar, W. A. Electric Power Conductors . Svo, *2 00 

Denny, G. A. Deep-level Mines of the Rand . 4to, *10 00 

De Roos, J. D. C. Linkages.i6mo, 0 75 

Derr, W. L. Block Signal Operation. Oblong umo, *150 

Desaint, A. Three Hundred Shades and How to Mix Them 8vo, *g 00 

De Varona, A. Sewer Gases. ... i6mo, o 75 

Devey, R. G. Mill and Factory Wiring. lamo, i 00 

Dichmann, Carl. Basic Open Hearth Steel Process . . umo, 4 00 

Dietench, K. Analysis of Resins, Balsams, and Gum Resins . .8vo, *3 50 

Dilworth, E. C. Steel Railway Bridges ... 4ta. *4 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery umo, *3 00 

Dixon, D. B. Machinist’s and Steam Engineer’s Practical Calculator. 

i6mo, morocco, i 25 

Dommett, W. E Motor Car Mechanism ... umo, *2 00 

Dorr, B. F. The Surveyor’s Guide and Pocket Table-book. 

i6mo, morocco, 2 00 

Draper, C. H. Heat and the Principles of Thermo-Dynamics umo, 2 25 

Draper, E. G. Navigating the Ship .umo, a 00 

Dubbel, H. High Power Gas Engines.Svo, '*5 00 


Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

Svo, *5 00 

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

8 vo, *5 00 

Dunkley, W. G. Design of Machine Elements. Two volumes 3vo,each, 2 00 
Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 

i2mo, *1 40 


Durham, H. W. Saws . 8vo, 2 50 

Duthie, A. L. Decorative Glass Processes. Svo, a 50 

Dwight, H. B. Transmission Line Formulas. Svo, ' *2 00 

Dyke, A. L. Dyke’s Automobile and Gasoline Engine Encyclopedia, 

Svo, 5 00 

Dyson, S. S. A Manual of Chemical Plant, u parts—4to, paper, 7 50 

Dyson, S. S., and Clarkson, S. S. Chemical Woiks.Svo, *9 00 

Ecclea, W. H. Wireless Telegraphy and Telephony .umo, ’*8 So 
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and Illumination .gvo, 

D Manual of Alternating Currents.lamo, 

Edelman, P. Inventions and Patents .i,nio 

Ed^umbe, K. Industrial Electrical Measuring Instruments .. gvo,' 

taler, R. Switches and Switchgear. 8vo 

Eissler, M. The Metallurgy of Gold. gvo] 

-The Metallurgy of Silver . 8vo' 

-The Metallurgy of Argentiferous Lead ... gvo’, 

-A Handbook on Modern Explosives. 8vo' 

Eldn, T. C. Wafer Pipe and Sewage Discharge Diagrams .. . folio, 

Electnc Light Carbons, Manufacture of. .gvo, 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis. ijmo 

Ellis, C. Hydrogenation of Oils. gvo, 

-Ultraviolet Light, Its Applications in Chemical Arts lamo! 

, „ , „ _ Un Press) 

and Meigs, J. V. Gasolene and Other Motor Fuels .(/n Press) 

Ellis, G Modem Technical Drawing gvo 

Ennis, Wm. D. Linseed Oil and Other Seed Oils . gvol 

-Applied Thermodynamics. gvo 

-Flying Machines To-day.tamo,' 

-Vapors for Heat Engines. lamo, 

Ermen, W. F. A. Materials Used in Sizing. gvo, 

Erwin, M. The Universe and the Atom ... ismo (Reprinting) 
Ewing, A. J. Magnetic Induction in Iron.gvo. 


Fairchild, J F. Graphical Compass Conversion Chart and Tables . 

Fairie, J. Notes on Lead Ores. .lamo, 

-Notes on Pottery Clays ... .iamo| 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines lemoi 
Fairweather, W. C. Foreign and Colonial Patent Laws gvo, 

Falk, K. G. Chemical Reactions: Their Theory and Mechanism. 

(In Press) 

Fanning, J. T. Hydraulic and Water-supply Engineering . .. gvo, 

Farnsworth, P. V. Shop Mathematics . .umo (In Press) 

Fay, I. W. The Coal-tar Dyes . gvo, 

Femhach, R. L. Glue and Gelatine ... gvo, 

Findlay, A. The Treasures of Coal Tar. ramo. 

Firth, J. B. Practical Physical Chemistry . tamo, 

Fischer, E. The Preparation of Organic Compounds .. tamo, 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing gvo, 
''leischmann, W. The Book of the Dairy gvo, 

Fleming, J. A. The Alternate-current Transformer. Two Volumes, gvo. 

Vol. I. The Induction of Electric Currents ... 

Vol, II. The Utilization of Induced Currents. 

— Prijpagation of Electric Currents ... gvo, 

-A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes . .. . gvo, each, 

Fleury, P. .Preparation and Uses of White Zinc Paints _ gvo, 

Flynn, P. J. Flow of Water . .lamo, 

-Hydraulic Tables ... ... ... igmo, 


a 50 
o 50 
■*1 50 
$ 00 
4 00 
9 00 

4 00 

6 ay 

5 00 
•3 00 

r 00 

•t as 

7 50 


*a 00 
5 00 
5 00 

*i 50 
•i 00 
•a 00 

5 00 

o 50 
♦0 50 
*a 00 
0 75 

•3 00 

*S o« 

5 00 
*3 00 

a 00 
r 35 

1 50 

4 00 
4 50 

*6 50 

6 50 
3 50 

*6 50 
3 00 
0 75 
0 75 
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Foster, H. A. Electrical Engineers’ Pocket-book. {Seventh Edilim.) 

ismo, leather, s oo 

-Engineering Valuation of Public Utilities and Factories 8vo, *3 00 

Fowle, F. F. Overhead Transmission Line Crossings. ijmo, *i go 

-The Solution of Alternating Current Problems.Svo (In Press.) 

Fox, W. G. Transition Curves . i6mo, 0 75 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw¬ 
ing . ... ijmo, I 23 

Foye, J. C. Chemical Problems i6mo, o 75 

-Handbook of Mineralogy i6mo, 0 75 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Franren, H. Exercises in Gas Analysis umo, *i 00 

Fraser, E. S., and Jones, R. B. Motor Vehicles and Their Motors, 

Svo, fabrikoid, 2 00 

Freudemacher, P. W. Electric Mining Installations. lamo, i 00 

Friend, J N. The Chemistry of Linseed Oil . ismo, i 00 

Fritsch, J. Manufacture of Chemical Manures. Svo, 5 00 

Frye, A. I. Civil Engineers’ Pocket-book. lamo, leather, *5 00 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4to, *10 00 

Purnell, J. Paints, Colors, Oils, and Varnishes .Svo. 


Gent, L. W. Elements of Electric Traction Svo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms Svo, 3 00 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

Svo, ”5 00 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires ismo, leather, i go 

Garrard, C. C. Electnc Switch and Controlling Gear.Svo, *6 00 

Gaudard, J. Foundations i6mo, o 75 

Gear, H. B., and Williams, P. R Electric Central Station Distribution 

Systems. ... Svo, *3 50 

Geerligs, H. Cv P. Cane Sugar and Its Manufacture Svo, ♦6 00 

-Chemical Control in Cane Sugar Factories 4to, 5 00 

Geikie, J. Structural and Field Geology Svo, 4 50 

-Mountains. Their Growth, Origin and Decay.Svo, 4 50 

-The Antiquity of Man in Europe Svo, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working .. Svo, 3 50 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses .. i2mo, *2 00 

-Gas Lighting . i6mo, o 75 

-Household Wastes i6mo, o 75 

-House Drainage i6mo, o 75 

——Sanitary Drainage of Buildings . ... .. ifimo,- 0 75 

Gerhardi, C. W. H. Electricity Meters. Svo, ”'7 20 

Geschwind, L. Manufacture of Alum and Sulphates.Svo, 5 00 


Gibbings, A. H. Oil Fuel Equipment for Locomotives. Svo. 

(Rejirintinci.) 

rsmo, *r 50 


Gibbs, W. E. Lighting by Acetylene 
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Gibson, A. H. Hydraulics and Its Application. 8vo, o oo 

-'Water Hammer m Hydraulic Pipe Lines .izmo, a 50 

GibsOa, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, ’3 50 

Gilbreth, F. B. Motion Study. lamo, *100 

-Primer of Scientific Management lamo, ■*! 00 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements.. . lamo, i 25 

Godfrey, E, Tables for Structural Engineers. i6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram lamo, '2 00 

Goldschmidt, R. Alternating Current Commutator Motor 8vo, *3 00 

Goodchild, W Precious Stones 8vo, 2 50 

Goodell, J. M. The Location, Construction and Maintenance of 

Roads ... 8vo, 2 00 

Goodeve, T. M. Textbook on the Steam-engine .. lamo, 2 50 

Gore, G. Electrolytic Separation of Metals . 8vo, 4 50 

Gould, £. S. Arithmetic of the Steam-engine . . izmo, r 00 

-Calculus i6mo, 0 73 

-High Masonry Dams lomo, 0 75 

Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas ifmo, 0 7s 

Gratacap, L. P. A Popular Guide to Minerals 8vo, *2 00 

Gray, H. H. Gas-Works Products .8vo (/« /Vrtt 1 

Gray, J. Electrical Influence Machines 12 mo, 200 

-Marine Boiler Design izmo {licl’iinlnn/ ) 

Greenhill, G. Dynamics of Mechanical Flight 8vo, '‘2 50 

Greenwood, H. C. The Industrial Gases 8vo (hi I'l ■>.( 1 

Gregorius, R Mineral Waxes , irmo, 3 00 

Grierson, R. Some Modern Methods of Ventilation 8vo, 00 

Griffiths, A. B. A Treatise on Manures i2mo (Rcpnnluui ) 

Gross, E. Hops ... . 8vo, ' 5 00 

Grossman, J. Ammonia and Its Compounds .. 12010, i ,30 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

8vo, 2 50 

Grover, F. Modern Gas and Oil Engines .. 8vo, ^3 00 

Gruner, A. Power-loom Weaving .. 8vo, *3 50 

Griinsky, C. E. Topographic Stadia Surveying ... i6mo, 2 00 

Guldner, H. Internal Combustion Engines . (In Press) 

Gunther, C. 0. Integration . 8vo, i 50 

Gurden, R. L. Traverse Tables folio, half morocco, *7 50 

Guy, A. E. Experiments on the Flexure of Beams. 8vo, *1 25 

' Haenig, A. Emery and Emery Industry.8vo, *2 50 

Hainbach, R. Pottery Decoration izmo, 3 50 

Hale, A. J. The Manufacture of Chemicals by Electrolysis. 3vo, 

(III Press i 

Hale, W. J. Calculations of General Chemistry irmo, i 50 

Hall, C. H. Chemistry of Paints and Paint Vehicles irmo, *2 00 

Hall, R. H. Governors and Governing Mechanism lamo, *2 50 

Halil W. S. Elements of the Differential and Integral Calculus 8vo, 2 75 

-Descriptive Geometry 8vo volume and a 4to atlas, 4 00 

Haller, G. F., and Cunningham, E. T. The Tesla Coil. i2mo, ’•r 25 

Halsey, F. A. Slide Valve Gears. tamo, r 50 

_The Use of the Slide Rules . i6mo, 0 75 

_Worm and Spiral Gearing . i6mo, 0 75 
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Hancock, H. Textbook of Uechanics and Hydrostatics.Svo, i 50 

Hardy, £. Elementary Principles of Graphic Statics .ixmo, *i 50 

Haring, H. Engineering Law. • 

Voi. 1 . Law of Contract.Svo, '*4 00 

Harper, J. H. Hydraulic Tables on the Flow of Water.r6mo, *2 00 

Hams, S. M. Practical Topographical Surveying. (In Press.) 

Harrow, B. Eminent Chemists of Our Times: Their Lives and Work. 

(In Press.) 

Haskins, C. H. The Galvanometer and Its Uses. .... tbmo, r s# 

Hatt, J. A. H. The Colorist .. .square tamo, *1 5a 

Hausbrand, E. Drying by Means of Air and Steam.. . ...lamo, 250 

-Evaporating, Condensing and Cooling Apparatus.Svo, 6 00 

Hausmann, E. Telegraph Engineering .Svo, *3 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats... Svo, 3 50 
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 2 00 

Hay, A. Continuous Current Engineering. Svo, ’‘2 50 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation.. .Svo, *1 00 

-Public Utilities, Their Fair Present Value and Return.Svo, *2 00 

Heath, F. H. Chemistry of Photography.Svo. (In Press.) 

Heather, H. J. S. Electrical Engineering.Svo, 4 50 

Heaviside, 0. Eiectromagnetic Theory. Vols. I and II_Svo, each, 

(Reprinting.) 

Vol. Ill.Svo (Reprinting.)’ 

Heck. R. C. H. The Steam Engine and the Turbine.Svo, 4 50 

-Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics.Svo, 4 50 

Vol. II. Form, Construction, and Working.Svo, s 50 

-Rotes on Elementary Kinematics.Svo, boards, *i 00 

-Graphics of Machine Forces .Svo, boards, *100 

Heermann, P. Dyers’ Materials.tamo, 3 00 

Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. Svo, ’*'2 00 
Hering, C., and Getman, F. H. Standard Tables of Electro-Chemical 

Equivalents . lamo, *2 00 

Bering, D. W. Essentials of Physics for College Students . . ..Svo, 2 25 

Herington, C. F. Powdered Coal as Fuel.Svo, 3 00 

Herrmann, G. The Graphical Statics of Mechanism .lamo, 2 00 

Herzfeld, J. Testing of Yarns and Textile Fabrics . ... Svo. 

(New Edition in Preparation.) 

Hildenbrand, B. W. Cable-Making.. .i6mo, 075 

Bilditch, T. P. A Concise History of Chemistry.lamo, *i 50 


Hill, M. J. M. The Theory of Proportion.Svo, *2 50 

Hillhouse, P. A. Ship Stability and Trim.Svo, 4 50 

Hiroi, I. Plate Girder Construction.i6mo, o 75 

-.Statically-Indeterminate Stresses.lomo, a 50 

Hirshfeld, C. F. Engineering Thermodynamics.i6mo, o 75 

Hoar, A. The Submarine Torpedo Boat.lamo, *a 00 

Hobart, H. M. Heavy Electrical Engineering. Svo, *4 50 

-Design of Static Transformers.tamo, a 50 

-Electricity .Svo, *200 

-Electric Trains.Svo, *2 50 

-Electric Propulsion of Ships.Svo, *2 50 
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Hobart, J. F. Hard Soldering, Soft Soldering and Brazing.lamot 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements . .umo, 

Hoff, J. N. Paint and Varnish Facts and Formulas.ismo, 

Holf, W. The Distribution of Gas.8vo, 

Hopltlns, N. M. Model Engines and Small Boats. umo, 

-The Outlook for Research and Invention. umo. 

Hopkinson, J,, Shoolbred, J. N, and Day, R. E. Dynamic Electricity. 

i6mo. 

Horner, J. Practical Ironfounding . ... 8vo, 

--Gear Cutting, in Theory and Practice 8vo (licprinling.) 

Houghton, C. E. The Elements of Mechanics of Materials umo, 
Houstoun, R. A. Studies in Light Production umo, 

Hovenden, F. Practical Mathematics for Young Engineers . umo, 

Howe, G. Mathematics for the Practical Man. umo, 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

8vo, paper, 

Hoyt, W. E. Chemistry by Experimentation . 8vo, 

Hubbard, E. The Utilization of Wood-waste . 8vo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

8 vo (Reprinting.) 

Hudson, 0 . F. Iron and Steel. . 8vo, 

Humphreys, A. C. The Business Features of Engineering Practice 8vo, 

Hunter, A. Bridge Work.8vo. (In Press.) 

Hurst, 6. H. Handbook of the Theory of Color.8vo, 

-Dictionary of Chemicals and Raw Products. 8vo, 

-Lubricating Oils, Fats and Greases.8vo, 

-Soaps . 8vo, 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils.8vo, 

Hurst, H. K., and Lattey, R. T. Text-book of Physics.8vo, 

-Also published in three parts. 

Part I. Dynamics and Heat. 

Part II. Sound and Light . . 

Part ni. Magnetism and Electricity. 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

lamo, 

Hutchinson, R. W., Jr., and Thomas, W. A, Electricity in Mining umo, 

(In Press.) 

Hyde, E. W. Skew Arches. .iSmo. 

Hyde, F, S. Solvents, Oils, Gums, Waxes...8vo, 

Induction Coils . 

Ingham, A. E. Gearing. A nractical treatise.8vo, 

Ingle, H. Manual of Agricultural Chemistry.8vo (In Press) 

Innes's, C. H. Problems in Machine Design.umo, 

-Centrifugal Pumps . 

-The Fan .'.. 


1 45 

0 75 

I 50 

♦8 50 

I 25 


0 7S 
*2 00 

2 50 
2 00 
*I 50 
I 50 

*0 50 
»o 70 




a 50 
'3 50 

•5 00 
•5 00 
*6 00 
3 JO 
'3 00 

I 50 
I 50 
*t 50 

•3 00 


0 75 
*2 00 

o 75 
*4 50 

*3 00 
♦3 00 
♦4 00 


Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs./V d* i 

Jacobs, F. B. Cam Design and Manufacture.( In Press.) 


0 75 
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James, F. D. Controllers for Electric Motors.8vo. 

Jehl, F. Manufacture of Carbons .8vo. 

Jennings, A, S. Commercial Paints and Painting .8vo. 

Jennison, F. H. The Manufacture of Lake Pigments 8vo (Jn Press.) 
Jepson, G. Cams and the Principles of their'Construction . .8to, 

-Mechanical Drawing . .... &vo (I n Preparaiton.) 

Jervis-Smith, F. J. Dynamometers . .8vo. 

Jockin,'W. Arithmetic of the Gold and Silversmith umo, 

Johnson, C. H., and Earle, R. P. Practical Tests for the Electrical 
Laboratory . ( In Press) 

Johnson, J. H. Arc Lamps and Accessory Apparatus lamo, 

Johnson, T. M. Ship Wiring and Fitting . . lamo (Reprinting ) 
Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 
and Geology .... i amo, 

Joly, J. Radioactivity and Geology . ... lamo (Reprinting ) 

Jones, H. C. Electrical Nature of Matter and Radioactivity lamo, 

.-Nature of Solution ... 8vo, 

-New Era in Chemistry .lamo, 

Jones, J. H. Tinplate Industry. .... 8vo, 

Jones, M. W. Testing Raw Materials Used in Paint lamo, 

Jordan, L. C. Practical Railway Spiral . lamo, leather, 

Juptner, H. F. V. Siderclogy: The Science of Iron.8vo, 

Kapp, G. Alternate Current Machinery .i6mo. 

Kapper, F. Overhead Transmission Lines . 4to, 

Keim, A. W. Prevention of Dampness in Buildings .8vo, 

Keller, S. S., and Knox, W. E. Analytical Geometry and Calculus... 
Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 
Spectrum .. 8vo, paper, 

Kemp, J. F. Handbook of Rocks .. 8vo, 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

i6rao, 

lUnnedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air. 

i6mo, 

Kennedy, R. Flying Machines, Practice and Design.lamo, 

-Principles of Aeroplane Construction .8vo, 

Kent. W. Strength of Materials.i6mo, 

Kershaw, J. B. C. Fijel, Water and Gas Analysis 8vo (In Press.) 

: -Electrometallurgy . 8vo, 

-Electro-Thermal Methods of Iron and Steel Production . .8vo, 

Kinzbrunner, C. Continuous Current Armatures 8vo, 

—— Testing of Alternating Current Machines . . 8vo, 

Kinzer, H., and Walter, K. Theory and Practice of Damask Weaving, 

Svo, 

Kirkaldy, A.. W., and Evans, A. D. History and Economics of 

Transport Svo, 

Kirkbride, J. Engraving for Illustration. Svo, 

Kirschke, A. Gas and Oil Engines .laaw. 


a 00 
s oo 
2 so 

■•i 50 

4 00 
•i 00 

O 'IS 


2 60 

*2 00 
*3 50 
*z 00 
*3 00 
*2 50 
*i 50 
■"s 00 

0 75 
’4 00 
*2 50 
2 00 

*0 SO 

•l 50 
0 75 
o 75 

2 JO 

*2 00 
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*2 00 

4 00 

»3 00 
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Klein, J. F. Design of a High-speed Steam-engine.8vo, *5 00 

-Physical Sigmficance of Entropy .8vo, *1 50 

KUngenberg, G. Large Electric Power Stations . 4to, *5 00 

Kn^ht, R.-Adm A M. Modern Seamanship . 8vo, *6 50 

— Pocket Edition .i2mo, fabnkoid, 3 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 50 

K.nox, J Physico-Chemical Calculations i2mo, 1 50 

-Fixation of Atmospheric Nitrogen .... nmo, 1 00 

Koester, F. Steam-Electric Power Plants . ... 4to, *5 00 

1— Hydroelectric Developments and Engineering .. 4to, *5 00 

Koller, T. The Utilization of Waste Products . 8vo, *5 00 

-Cosmetics 8vo, *2 50 

Koppe, S W Glycerine i2mo, *3 50 

Kozmin, P A. Flour Milling 8vo, 7 50 

Krauch, C Chemical Reagents 8vo, 7 00 

Kremann, R Application of the Physico-Chemical Theory to Tech¬ 
nical Process and Manufacturing Methods 8vo, 3 00 

Krelchmar, K Yarn and Warp Sizing 8vo, *5 00 


Laffargue, A. Attack in Trench Warfare . i6mo, 

Lallier, E. V. Elementary Manual of the Steam Engine . umo, 
Lambert, T. Lead and Its Compounds .. . 8vo, 

-Bone Products and Manures . 8vo, 

Lamborn, L L Cottonseed Products .8vo, 

-Modern Soaps, Candles, and Glycerin .8vo, 

Lamprecht, R Recovery Work After Pit Fires . 8vo, 


Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics . 

Vol. II Aerodonetics . 

Lanchester, F W. The Flying Machine . . 8vo, 

-Industrial Engineering: Present and Post-War Outlook :2mo, 

Lange, K. R By-Products of Coal-Gas Manufacture umo. 

La Rue, B. F Swing Bridges i6mo, 

Lassar-Cohn, Dr Modern Scientific Chemistry .lamo, 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 


Lighting i6rao, 

Latta, M N. Handbook of American Gas-Engineering Practice 8vo, 

-American Producer Gas Practice 4to, 

Laws, B. C Stability and Equilibrium of Floating Bodies 8vo, 
Lawson, W. R. British Railways. A Financial and Commercial 
Survey • • • 8vo, 

Leask, A R Refrigerating Machinery lamo (Ri-prtnttn(/.) 

Lecky, S T. S "Wrinkles” in Practical Navigation .. 8vo, 

- Pocket Edition • • • ■ lamo, 

Danger Angle . . i6mo, 

Le Doux, M Ice-Making Machines . . ifimo, 

Leeds, C C Mechanical Drawing for Trade Schools . . oblong 4to, 

_Meclianical Drawing for High and Vocational Schools . 4to, 

_Principles of Engineering Drawing . 8vo (/« Press) 


Lefevre, L. Architectural Pottery .. 4to, 

Lehner. S. Ink Manufacture n li ‘ 

Lemstrom, S. Electricity in Agnculture and Horticulture .8vo, 

Letts, E A. Fundamental Problems in Chemistry . 8to, 

Le Van, W. B. Steam-Engine Indicator . . .i6mo, 


0 50 
*2 00 
*3 50 
*3 50 

4 00 

*7 so 

5 00 

•6 00 
*6 00 
*3 00 

1 00 

2 50 

0 75 

2 35 

o 75 
5 00 
*6 00 

4 50 

2 00 

10 00 

5 00 
2 50 
0 75 
2 25 
I 50 


7 00 

2 50 
50 

*2 00 
0 75 
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Lewes, V. B. Liquid and Gaseous Fuels. Svo, 

-Carbonisation of Coal.Svo, 

Lewis Automatic Machine Rifle; Operation of.t6mo, 

Licks, H. E. Recreations in Mathematics. umo, 

Lieber, B. F. Lieber’s Five Letter American Telegraphic Code Svo, 

-Spanish Edition . Svo, 

-French Edition . Svo, 

-Terminal Index . Svo, 

-Lieber’s Appendix . . ..,. folio, 

-Handy Tables . qto, 

-Bankers and Stockbrokers’ Code and Merchants and Shippers’ 

Blank Tables ..... . Svo, *15 00 

-100,000,000 Combination Code... Svo, *10 00 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 

man rsmo, 

Livingstone, R. Design and Construction of Commutators.. .. Svo, 

-Mechanical Design and Construction of Generators.Svo, 

Lloyd, S. L. Fertiliier Materials ... .lamo, 

Lockwood. T. D. Electricity, Magnetism, and Electro-telegraph ,.. Svo, 

— Electrical Measurement and the Galvanometer.iimo. 

Lodge, O. J. Elementary Mechanics. .tamo, 

Loewenstein, L. C., and Crisaey, C. P. Centrifugal Pumps. ' 5 00 

Lomax, J. W. Cotton Spinning.rimo, r 50 

Lord, R. T. Decorative and Fancy Fabrics .Svo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph.. .lemo, o 75 

Lowy, A. Organic Type Formulas. o 10 

Lnbsdrez, B. J. Perspective.ixmo, *1 50 

Lucke, C. E. Gas Engine Design. Svo, 

—— Power Plants; Design, Efficiency, and Power Costs. 2 vols. 

(/n Preparation.) 

Luckiesh, M. Color and Its Application.svo, 

-Light and Shade and Their Applications . . Svo, 

-Visual Illusions . (In Preparation) 

Lunge, 0. Coal-tar and Ammonia. Three Volumes.Svo, *05 oo 

-Technical Gas Analysis.Svo, 

-Manufacture of Sulphuric Acid and Alkali. Four Volumes Svo, 

Vol. I. Sulphuric Acid. In three parts. (Keprinlinti ) 

Vol. I. Supplement . Svo (I'tprinling) 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts . (In Press) 

Vol. 111. Ammonia Soda. (In Press.) 


3 00 
.5 00 
♦0 Go 
I 50 
15 00 
'15 00 
'15 00 
*2 50 
15-00 
*2 50 


•r 00 
4 50 
4 50 
2 00 
2 50 
0 75 
I 50 


.4 00 


3 50 
3 00 


’4 50 


Vol. IV. Electrolytic Methods 
— Technical Chemists’ Handbook 
-Technical Methods of Chemical Analysis. 


Vol. I. In two parts . 

Vol. n. In two parts. 

Vol. III. In two parts. 

The set (3 vols.) complete. 

luquer, L. M. Minerals in Rock Sections 


(In Preta.) 

ismo, leather, *4 00 

..‘...8vo, *15 00 

. Svo, *r8 00 

.Svo, "iS 00 

. *50 00 

. Svo, *i SO 
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MacBnde, J. D. A Handbook of Practical Shipbuilding, 

. i2mo, fabrikoid, 

Macevien, H. A. Food Inspection 8vo, 

Mackenzie, N. F. Notes on Irrigation Works . , 8vo, 

Mackie, J. How to Make a Woolen Mill Pay . 8vo, 

Maguire, Wm. R. Domestic Sanitary Dramage and Plumbing 8vo, 

Malcolm, H. W. Submarine Telegraph Cable 

Malinovzsky, A. Analysis of Ceramic Materials and Methods of 

. Calculation. (/„ Prcjs ) 

Mallet, A. Compound Engines. . i6mo, 

Mansfield, A. N. Electro-magnets i6mo, 

Marks, E. C. R. Construction of Cranes and Lifting Machinery.izmo, 

-Manufacture of Iron and Steel Tubes. izmo, 

-Mechanical Engineering Materials.izmo, 

Marks, G. C. Hydraulic Power Engineering.8vo, 

Marlow, T. G. Drying Machinery and Practice 8vo (Keprtniing.) 


Z 00 

•a SO 
•z 50 
G 00 

4 00 
9 00 


0 75 
*2 75 
z 50 

•i 50 

4 50 


Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *a 50 

-Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards . . ’t 50 


Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con¬ 
crete Block Construction.i6mo, cloth, z 00 

Marshall, W. J., and Sankey, H. R. Gas Engines 8vo, z 00 

Martin, G. Triumphs and Wonders of Modern Chemistry.8vo, *3 00 

-Modern Chemistry and Its Wonders .... . 8vo, *3 00 

Martin, N. Properties and Design of Reinforced Concrete.8vo, 1 50 

Martin, W. D. Hints to Engineers. izmo, a 00 

Hassle, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 


Mathot, R. E. Internal Combustion Engines . 

Maurice, W. Electric Blasting Apparatus and Explosives.... 

•-Shot First’s Guide. .. . ■ • . • 

Maxwell, F. Sulphitation in White Sugar Manufacture.. 

Maxwell, J. C. Matter and Motion 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipa 

tary Engineering.. . 

Mayer, A. M. Lecture Notes on Physics. 

McCracken, E. M., and Sampson, C. H. Course in Patter 

(j 

McCullough, E. Practical Surveying . . . 

‘McCullough, R. S. Mechanical Theory of Heat 
McGibbon, W. C. Indicator Diagrams for Marine Engineers 

-Marine Engineers’ Drawing Book . . c 

McGibbon, W. C. Marine Engineers Pocketbook .... 

McIntosh, J. G. Technoiogy of Sugar . 

-Industrial Alcohol . 

_Manufacture of Varnishes and Kindred Industries. Three Volumes. 


lamo, 

•1 00 

.... 8 vo, 

5 00 

... 8 vo, 

*3 50 

. .. 8 vo, 

•150 

... lamo, 

4 00 

i6mo, 

0 75 

and Sani- 

4to, 

•10 00 

8vo, 

2 00 

I Making. 

n Press ) 

izmo, 

2 50 

8vo, 

3 50 

8vo, 

’3 50 

blong 4to, 

*2 50 

izmo. 

*4 50 

8vo, 

*6 00 

8vo, 

*3 5 ® 


8vo. 

. Vol I. Oil Crushing, Refimn? and Boiling ... . .. .. . 

Vol. n. Varnish Materials and Oil Varnish Making (Rcprtntmg.) 
Vol. ni. Spirit Varnishes and Materials . .{Heprtntthg ) 

McKav C W. Fundamental Principles of the Telephone Business. 
V. Press.) 


7 00 
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McKillop, M., and McKiUop, A. D. Efficiency Methods ... . lamo, i 50 

UcKnight, J. D., and Brown, A. W. Marine Multitubular Boilers.. . *2 50 

McMaster, J. B. Bridge and Tunnel Centres.. .idmo, 0 75 

McMechen, F. L. Tests for Ores, Minerals and Metals . . . lamo, *i 00 

McNair, Jas. B. Citrus By-Products . . . . (In prc.«.) 

Meade, A. Modern Gas Works Practice.8vo, *8 50 

Melick, C. W. Dairy Laboratory Guide.izmo, *i 25 

•“Mentor.” Self-Instruction for Students in Gas Supply, isino. 

Elementary 2 50 

Advanced . 2 50 

-Self-Instruction for Students in Gas Engineering. lamo. 

Elementary . . 2 00 

Advanced. 2 00 

Hcrivale, J. H. Notes and Formulae for Mining Students .. i2mo, 1 00 
Merritt, Wm. H. Field Testing for Gold and Silver ...i6mo, leather, 2 00 

Mertens. Tactics and Technique of River Crossings.8vo, 2 50 

Mierzinski, S Waterproofing of Fabrics.8vo, 2 50 

Miessner, B. F. Radio Dynamics.lamo, *2 00 

Miller, G. A. Determinants... i6mo, 

Miller, W. J. Introduction to Historical Geology. lamo, 2 25 

Milroy, M. E. W. Home Lace-making . lamo, *100 

Mills, C. N. Elementary Mechanics for Engineers .8 to, *i 00 

Mitchell, C. A. Mineral and Aerated Waters. 8vo, *3 00 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 

Industries .. .8vo, 3 50 

Mitchell, C. F., and G. A. Building Construction and Drawing. i2mo. 

Elementary Course 2 00 

Advanced Course 3 00 

Monckton, C. C. F. Radiotelegraphy 8 to, 2 00 


Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 

English Technical Terms . 64mo, leather, *i 00 

Montgomery, J. H. Electric Wiring Specifications. i6mo, *1 00 

Moore, £. C. S. New Tables for the Complete Solution of GangniUet and 

Rutter’s Formula .8vo, *6 00 

Moore, Harold. Liquid Fuel for Internal Combustion Engines . 8vo, 5 00 
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8vo, I 75 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs izmo, *i 50 
Morrell, R. S., and Waele, A. E. Rubber, Resins, Paints and Var¬ 


nishes ... 8vo (/« Press ) 

Moses, A. J. The Characters of Crystals .8vo, *2 00 

-and Parsons, C. L. Elements of Mineralogy .8vo, *3 50 ■ 

Mosr, S. A. Elements of Gas Engine Design.i6mo, 0 75 

- --The Lay-out of Corliss Valve Gears.i6mo, 0 75 

Mulford, A. C. Boundaries and Landmarks.izmo, *1 00 

Mulford, A. C. Boundaries and Landmarks lamo, 1 00 

Hunby, A. E. Chemistry and Physics of Building Materials.. 8to, 2 50 

Murphy, J. G. Practical Mining.i6mo, i 00 

Murray, B. M. Chemical Reagents.8vo ( In Press ) 

Murray, J. A. Soils and Manures.8vo, 2 00, 

Nasmith, J. The Student’s Cotton Spinning.8ro, Ago 

— Recent Cotton Mill Construction . izmo, 3 00 
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Neave, G, B., and Heilbron, I, M. Identification of Organic Compounds. 

i2mo, 

Neilson, R. M. Aeroplane Patents . Rua 

Merz -F. Searchlights 

Newbigin^, M. I., and Flett, J. S. James Geikie, the Man and the 
Geologist . jyj, 

Newbigmg, T. Handbook for Gas Engineers and Managers . 8vo! 
Newfll, F. H., and Drayer, C. E. Engineering as a Career ismo, cloth, 

Nicol, G Ship Construction and Calculations .8vo, 

Nipher, F. E. Theory of Magnetic Measurements . . . umo' 

Miabet, H, Grammar of Textile Design svo 

Nolan, H. The Telescope i6mo' 

None,;. W. Epitome of Navigation (z Vols ) ' octavo] 

A (^mplete Set of Nautical Tables with Explanations of Their 

North, H. B. Laboratory Experiments in General Chemistry..°iamo,’ 


19 

I 50 
1 00 


3 50 
7 50 
00 
'10 00 
I 00 
7 50 
o 75 

15 00 

6 50 
00 


O'Connor, H. The Gas Engineer’s Pocketbook.rzmo, leather, 4 00 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit . i6mo, 0 75 

Olsen, J. C. Text-book of Quantitative Chemical Analysis_Svo, 4 00 

Ormsby, M. T. M. Surveying rzmo, 2 00 

Oudin, M. A. Standard Polyphase Apparatus and Systems. . . .8vo, *3 00 


Pakes, W. C. C., and Nankivell, A. T. The Science of Hygiene . .8vo, *1 75 
Paiaz, A. Industrial Photometry . svo, 4 00 

Palmer, A. R. Electrical Experiments .lamo, o 75 

-Magnetic Measurements and Experiments .ramo, o 75 

Pamely, C. Colliery Manager’s Handbook .8vo, *10 00 

Parker, P. A. M. The Control of Water .Svo, 6 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments Svo, ’g 50 

Parry, E. J Chemistry of Essential Oils and Artificial Petfumes 

Vol. I. Monographs on Essential Oils 9 00 

Vol. II. Constituents of Essential Oils, Analysis. 7 00 

.-Foods and Drugs Two Volumes 

Vol. I. The Analysis of Food and Drugs .Svo, 9 50 

Vol. II. The Sale of Food and Drugs Acts . Svo, 3 50 

-and Coste, J. H Chemistry of Pigments Svo, *5 00 

Party, L. Notes on Alloys Svo, '3 50 

-Metalliferous Wastes Svo, *2 50 

-Analysis of A.shes and Alloys . Svo, "2 50 

Parry, L. A. Risk and Dangers of Various Occupations Svo, *3 50 

■parshall, H. F., and Hobart, H M. Electric Railway Engineering 4to, 7 50 

Parsons, J. L. Land Drainage .. . Svo, *r 50 

Parsons, S. J. Mal'cab'e Cast Iron Svo (KcprwUuq ) 

Partington, J. R. Higher Mathematics for Chemical Students izmo, 2 50 

_Textbook of Thermodynamics . Svo, *4 00 

— The Alkali Industry ... . ■ Svo, 300 

Patchell, W. H. Electric Power in Mines.Svo, *4 00 

Pi'ers-in, G W I. Wifr-g Ca’ru'ations . lamo, go 

pHentri'' M "e S'lmaii'-tr ln=taMat'ons izmo, *i 50 

Patteron, D The Color Printing of Carpet Yarns. Svo, *3 50 

_Toler M.-'t'-hinn tt Text''es . • Svo, *350 

— Textile Color M xing Svo, *3 50 
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Paulding, C. P. Condensation of Steam in Covered and Bare Pipes 8vo, *2 oo 

-Transmission of Heat through Cold-storage Insulation.i2mo, '*‘1 00 

Payne, D. W. Iron Founders’ Manual .8vo,. 4 00 

Peddle, R. A. Engineering and Metallurgical Books.lamo, *150 

Peirce, B. System of Analytic Mechanics .... 4to, 10 00 

-— Linear Associative Algebra.. . ,. 4to, 2 50 

Perkin, F. M., and Jaggers, E. M. Elementary Chemistry. . .ismo, , i 00 

Pernn, J. Atoms.8vo, *2 50 

Perrine, F. A. C. Conductors for Electrical Distribution . . 8vo, *3 50 

Petit, G. White Lead and Zinc White Paints. 8vo, *2 00 

Petit, R. How to Build an Aeroplane . 8vo, 1 50 

Pettit, Lieut. J. S. Graphic Processes .i6mo, 0 75 

Philbrick, P. H. Beams and Girders.i6ma, 

Phin, J. Seven Follies of Science. 12 mo, *1 go 

Pickworth, C. N. Logarithms for Beginners.tamo, boards, i 00 

-The Slide Rule. lamo, i 50 

Pilcher, R. B. The Profession of Chemistry . ..lamo (/n I'ress) 

Pilcher, R. B., and Butler-Jones, F. What Industry Owes to Chemical 

Science. lamo, i 50 

Plattier’s Manual of Blow-pipe Analysis. Eighth Edition, revised.Sro, 400 

Plympton, G. W. The Aneroid Barometer.i6mo, o 75 

-How to Become an Engineer.i6mo, 0 75 

-Van Nostrand’s Table Itook.idme, 0 75 

Pochet, H. L. Steam Injectors.i6mo, 0 75 

Pocket Logarithms to Four Places. i6mo, o 75 

i6mo, leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics.. 8vo, *3 go 

Pope, F. G. Organic Chemistry.ismo, a 50 

Pope, F. L. Modem Practice of the Electric Telegraph. 8vo, i 50 

Popplewell, W. C. Prevention of Smoke . 8vo, ’*3 50 

--Strength of Materials.8vo, *2 50 

Ponitt, B. D. The Chemistry of Rubber. lamo, r 00 

Porter, J. R. Helicopter Flying Machine.lamo, 1 go 

Potts, H. E. Chemistry of the Rubber Industry.8vo, 2 go 

Practical Compounding of Oils, Tallows and Grease.Svo, go 

Pratt, A. E. The Iron Industry.8vo (In Press.) 

-'The Steel Industry. Svo {In Press ) 

Pratt, Jaa. A. Elementary Machine Shop Practice. (In Press) 

Pratt, K. Boiler Draught.rimo, *1 aS 

Prelini, C. Barth and Rock Excavation . 8vo, *3 00 

-GrapUcal Determination of Earth Slopes. Svo, *2 00 

-Tunneling. New EdlUoi) .Svo, *3 00 

-Dredging. A Practical Treatise.Svo, *3 00 

Prescott, A. B., and Johnson, 0 . C. Qualitative Chemical Analysis 8 to, 4 00 

Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

Prideaux, B. B. R. Problems in Physical Chemistry.Svo, *1 00 

-The Theory and Use of Indicators .,.8vo, g 00 

Prince, 6. T. Flow of Water.lamo, *200 

Pull, E. Modem Steam Boilets.svo, 5 00 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

i2mo, *i "go 

Structures . lamo, 3 00 

-Injectors: Theory, Construction and Working.ismo, *a 00 

-Indicator Diagrams .8 to, 3 o-v 

-Engine Testing .Svo, *g go 
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furday, H. F. P. The Diesel Engine Design.8vo (In I're^s.) 

Putsch, A. Gas and Coal-dust Firing . 8vo, *a 50 


Rafter, G. W. Mechanics of Ventilation .i6mo, 

-Potable Water . ..idmo, 

-Treatment of Septic Sewage . , i6rao, 

-and Baker, M. K. Sewage Disposal in the United States ...4to, 

Raikes, H. P. Sewage Disposal Works 8vo, 

Randan, P. Enamels and Enamelling ... . 8vo, 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. .8vo, 

-— Civil Engineering .. . 8vo. 

-Machinery and Millwork 8vo, 

-The Steam-engine and Other Prime Movers ... 8vo, 

Rtnkine, W. J. M., and Bamber, E. F. A Mechanical Text-book... 8vo, 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, 

Rasch, E. Electric Arc Phenomena .8vo, 

Rathbone, R. L. B. Simple Jewellery. 8vo, 

Rausenberger, F. The Theory of the Recoil Guns .8vo, 

Rautenstrauch, W. Notes on the Elements of Machine Design.8vo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I. Machine Drafting. 

Part IL Empirical Design — (/’• Preparation.) 

Raymond, E.B. Alternating Current Engineering .. . . tamo, 

Rayner, H. Silk Throwing and Waste Silk Spinning .. .. ■ 8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

Recipes for Flint Glass Making . . 

Redfern, J. B., and Savin, J. Bells, Telephones. i6mo, 

Redgrove, H. S. Experimental Mensuration . izmo, 

Reed, S. Turbines Applied to Marine Propulsion . 

• ?!!^Key'to'thrNine*teenth Edition of Reed’s Engineers’ Handbook. .8vo, 

_Useful Hints to Sea-going Engineers . . L " VV ' 

Reid E E Introduction to Research in Organic Chemistry. (In Press.) 
Reinhardt. C. W. Lettering for Draftsmen, 

Reinhardt, C. W. The Technic of Mechanical 

8V0 (Reprintinp^ 

Lrjeai/TheX^^ctric Searchlight Proiectors^^^_^^^_. W 
n IJ n =1.8 Idell F E Triple Expansion Engines .. i6mo, 

Es: vV *.s,s.’ . 

Rhead, G. W. British Pottery Marks . 

KT I andlltn.'w“r A New Method of Obtaining the Di 9 «- 
ential of Functions 


0 75 
o 75 
'o 75 

6 00 
*4 00 
*5 00 

4 00 

7 50 
6 00 

5 60 
3 50 

3 50 
2 00 
2 50 
*5 00 
♦i 50 


150 

»2 50 


♦5 00 
*5 00 

0 75 
I 50 

*5 00 
*9 00 
4 00 
3 00 


I 00 

♦i 00 
a 50 
a 50 
♦5 00 

4 00 


0 75 
*i as 
3 50 
5 00 


0 SO 
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Richards, W. A. Forging, of Iron and Steel.lamo, a oo 

Richards, W. A., and North, H. B. Manual of Cement Testing... izmo, *150 
Richardson, J. The Modern Steam Engine . . Svo, *3 50 

Richardson, S. S. Magnetism and Electricity izmo, *z oo 

Rideal, £. K. Industrial Electrometallurgy.Svo,. 3 00 

— The Rare Earths and Metals.Svo (/n Press.) 

Rideal, S. Glue and Glue Testing.Svo, ^5 00 

-The Carbohydrates .Svo (In Press.) 

Riesenberg, F. The Men on Deck .izmo, 3 00 

-Standard Seamanship for the Merchant Marine.izmo (In Press.) 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps.Svo, *17$ 

Rings, F. Reinforced Concrete in Theory and Practice.izmo, *4 5c 

-Reinforced Concrete Bridges.4to, *5 00 

Ripper, W. Course of Instruction in Machine Drawing. folio, ’*6 00 

Roberts, F. C. Figure of the Earth.i6mo, o 75 

Roberts, J., Jr. Laboratory Work in Electrical Engineering . Svo, *2 00 

Robertson, L. S. Water-tube Boilers.Svo, 2 00 

Robinson, J. B. Architectural Composition . Svo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. .i6mo, o 75 

-Railroad Economics .i6mo, o 75 

-Wrought Iron Bridge Members i6mo, o 75 

Robson, J. H. Machine Drawing and Sketching.gvo, *2 00 

Roebling, J. A. Long and Short Span Railway Bridges. folio, zs 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry... . 8vo, z 00 

.-Elements of Industrial Chemistry .izmo, *300 

-Manual of Industrial Chemistry. Svo, ‘s 00 

Rogers, F. Magnetism of Iron Vessels i6mo, o 75 

Rohland, P. Colloidal and Crystalloidal State of Matter . izmo, 

(Pi'pnnr.nn ) 

Rollinson, C. Alphabets .Oblong, izmo, *1 00 

Rose, J. The Pattern-makers’ Assistant. Svo, 2 50 

-Key to Engines and Engine-miming .izmo, a 50- 

Rose, T. K. The Precious Metals 8vo, a 50 

Rosenhain, W. Glass Manufacture .gvo, 5 00 

-Physical Metallurgy, An Introduction to. gvo, 4 00 

Roth, W. A. Physical Chemistry .... .. gvo, *2 00 

Rowan, F. . 1 . Practical Physics of the Modem Steam-boiler gvo, *3 00 

-and Idell, F. E. Boiler Incrustation and Corrosion. . i6mo, o 75 

Roxburgh, W. General Foundry Practice . .... gvo, a 50 

Ruhmer, E. Wireless Telephony .... gvo, 4 50 

Russell, A. Theory of Electric Cables and Networks ... . Svo, *3 00 

Rust, A. Practical Tables for Navigators and Aviators.gvo, 3 50- 

Rutley, F. Elements of Mineralogy.izmo, 1 50 

Sandeman, E. A. Notes on the Manufacture of Earthenware.. izmo, 3 50 

Sanford,?. G. Nitro-exptoslves.Svo, *400 

Saunders, C. H. Handbook of Practical Mechanics.i6mo, i so 

leather, 2 00 

Sayers, H. M. Brahes for Tram Cara..Svo, *i zS 

Schaefer, C. T. Motor Truck Design...gvo, 2 50 

Scheele, C. W. Chemical Essays.gvo, *2 50 

Scheithauer, W. Shale Oils and Tars .gvo, *4 00 
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Stherer, |R. Casein.Svo, 

Schidrowits, P. Rubber, Its Production and Industrial Uses .Svo, 

Schindlfr, K. Iron and Steel Construction Works.ismo, 

Schmallj'C. N. First Course in Analytic Geometry, Plane and Solid. 

lamo, half leather, 

-and Shack, S. M>. Elements of Plane Geometry.umo, 

Schwarz, E. H. L. Causal Geology.8vo, 

Schmeer, I. Flow of Water .Svo, 

Schweiier, V. Distillations of Resins . . ... Svo, 

Scott, A. H. Reinforced Concrete in Practice.lamo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New 

Edition .. . . 

-Standard Methods of Chemical Analysis .Svo, 


Scribner, J. M. Engineers’ and Ivicchanics’ Companion idmo, leather, 
Scudder, H. Electrical Conductivity and Ionization Constants of 


Organic Compounds.Svo, 

Seamanship, Lectures on .lamo, 

Searle, A. B. Modern Brickmaking .Svo {In Press) 

——Cement, Concrete and Bricks. Svo, 


Searle, G. M. “Sumners’ Method.” Condensed and Improved. 


. -ato, ’ 
lamo, 
lamo, 
lamo, 


i6mo, 

Seaton, A. E. Manual of Marine Engineering . Svo, 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi¬ 
neering i6mo, leather, 

Seeligmann, T., Torrilhon, G. L,, and Falconnet, H. India Rubber and 
Gutta Percha • ■ 

Seidell, A. Solubilities of Inorganic and Organic Substances Svo, 

Sellew, W. H. Steel Rails ... ... 

-Railway Maintenance Engineering . 

Senter, G. Outlines of Physical Chemistry . 

-Text-book of Inorganic Chemistry . 

Sever, G. F. Electric Engineering Experiments. .Svo, boards. 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec¬ 
trical Engineering .,. 

Sewall, C. H. Wireless Telegraphy . s™- 

-Lessons in Telegraphy . . '.A'l '■ \ 

Sexton A H Fuel and Refractory Materials . mmo (Repnniina ) 

__.Chem'istry of the Materials of Engineering . . . • umo, 

s 7 xfon,“A. H^and^'primrlse, J. S. G. The Metallurgy of Iron andSUeL 

Seymour, A. Modern Printing Inks . 

Sha-w, Henry S. H. Mechanical Integrators . 

Qk.o, I? History of the Staffordshire Potteries ■••• ■ 

■ !ll!. c'hemisfry of Compounds Used in Porcelain Manufacture 
Shaw T Ri Driving of Machine Tools 

Premsion •, gvo '{ReprinUn,.) 

Sh,ld’on, S„ and Hausmann, E. Dynamo Electric Machinery,^ AC, 

_.RWrfc Traction andTtansmission Engineering ... umo, 

r Sal »y Experiments, for Engineering Students Svo, 


8 V 0 , 

i 61 aOy 

Svo, 

Svo, 

ismo, 

i^mo, 
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SberriS, F. F. Oil Merchants’ Manual and Oil Trade Ready Reckener, 


8vo, 3 50 

Shields, J. £. Notes on Engineering Construction.lamo, i 50 

Shreve, S. H. Strength of Bridges and Roofs.Svo, 3 50 


Shunk, W. F. The Field Engineer.lamo, fabrikoid, ‘a 30 

Silverman, A., and Harvey, A. W. Laboratory Directions and Study 

Questions in Inorganic Chemistry.4to, loose leaf, a oo 

Simmons, W. H. Fats, Waxes and Essential Oils. .8vo (In Press.) 
Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture, 

8ro, *4 00 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils.Svo, ’*3 50 

Simpson, G. The Naval Constructor.lamo, fabrikoid, ''5 00 

Simpson, W. Foundations.Svo. (In Press.) 

Sinclair, A. Development of the Locomotive Engine...Svo, half leather, 500 

Sindall, R. W. Manufacture of Paper.Svo (Reprinting.) 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp... Svo, 

(Reprinting.) 

-Wood and Cellulose.Svo (In Press.) 


Sloane, T. O’C. Elementary Electrical Calculations .rimo, *2 00 

Smallwood, J. C. Mechanical Laboratory Methods.. .ismo, fabrikoid, 300 

Smith, C. A. M. Handbook of Testing, MATERIALS.Svo, *2 go 

Smith, C. A. M., and Warren, A. G. New Steam Tables Svo, *i 35 

Smith, C. F. Practical Alternating Currents and Testing.Svo, *3 go 

-Practical Testing of Dynamos and Motors. Svo; *3 00 


Smith, F.E. Handbook of General Instruction for Mechanics.. .lamo, 150 
Smith, 0 . C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their 

Manufacture and Properties.lamo, 2 00 

Smith, H. G. Minerals and the Microscope.lamo, a 00 

Smith, J. C. Manufacture of Paint.Svo, *s 00 

Smith, R. H. Principles of Machine Work.lamo, 

— Advanced Machine Work.lamo, *3 00 

Smith, W. Chemistry of Hat Manufacturing. lamo, *3 50 

Snell, F. D. Calorimetric Analysis. ramo (In Press.) 

Snow, W. G., and Nolan, T. Ventilation of Buildings.i6mo, 0 yg, 

Soddy, F. Radioactivity.Svo (Reprinting.) 

Solomon, M. Electric Lamps.Svo, a 00 

Somerscales, A. N. Mechanics for Marine Engineers .ramo, a go 

-Mechanical and Marine Engineering Science .Svo, *s 00 

Sothem, J. W. The Marine Steam Turbine.Svo, *ia go 

-Verbal Notes and Sketches for Marine Engineers.Svo, *12 go 

-Marine Engine Indicator Cards.Svo, 4 go 

Sothern, J, W., and Sothern, R. M. Simple Problems in Marine 

Engineering Design.lamo, 3 00 

Souster, E. G. W. Design of Factory and Industrial Buildings. Svo, 4 00 

Southcombe, J. E. Chemistry of the Oil Industries.Svo, 3 go 

Soxhiet, D. H. Dyeing and Staining Marble. Svo, a go 

Spangenburg, L. Fatigue of Metals.i6mo, 0 yg 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying.i6mo, o yg 

Spencer, A. S. Design of Steel-Framed Sheds.Svo, *3 go 

Spiegel, L. Chemical Constitution and Physiological Action ...ramo, i ag 
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Sprsgue, E, H. Hydraulics...nmo, J co 

-Elements of Graphic Statics . 8vo, s co 

— Stability of Masonry nmo, 2 00 

-Elementary Mathematics for Engineers.nmo, 2 00 

-Stability of Arches ... . nmo, 2 00 

-Strength of Structural Elements.nmo, 2 00 

-'Moving Loads by Influence Lines and Other Methods... nmo, 2 00 

Stahl, A. W. Transmission of Power.i6mo, 

Stahl, a: W., and Woods, A. T. Elementary Mechanism —lamo, *200 
Standage, H. C. Leatherworker# Manual .. . ■ Svo, *j 50 

-Sealing Wanes, Wafers, and Other Adhesives . Svo, ’*2 50 

-Agglutinants of All Kinds for All Purposes..— nmo, 3 50 

Stanley, H. Practical Applied Physics. (In Press) 


Stansbie, J. H, Iron and Steel .Svo, 2 50 

Steadman, F. M. Unit Photography.ismo, 2 00 

Stecher, G. E. Cork. Its Origin and Industrial Uses.nmo, 1 00 

Steinheil, A., and Voit, ,E. Applied Optics. Vols. I. and II. Svo, 

Each, 5 00 

-Two Volumes . 9 °° 

Steinman, D, B. Suspension Bridges and Cantilevers. (Science Series 

No. 127.) . ■ " ". " 

Melan’s Steel Arches and Suspension Bridges . Svo, 3 00 

Stevens, A. B. Arithmetric of Pharmacy ismo, i 50 

Stevens, E. J. Field Telephones and Telegraphs. 1 20 

Stevens, H, P. Paper Mill Chemist 4 00 

Stevens, J. S. Theory of Measurements. ijmo, i 25 

Stevenson ]. L. Blast-Furnace Calculations.mmo, leather, 2 50 

Stewart, G Modern Steam Traps . ^mo, *. 75 

StUes,A. Tables for Field Engineers . 12™. 100 

ltone*E.V.*E?ements*’of Radiotelegraphy . nmo, fabrikoid, 2 50 

Stone, H. The Timbers of Commerce. svo, 4 00 

'5 -ii 

Sutherland, D. A. The Petroleum Industry. Svo (In PrerO ^ ^ 

Svenson, C. L. Handbook on Piping. ^ 

''"Si •» 

Swinburne, J.,Wordingham,C.H., ana Bia , ^ 

Tavl'or F N. Small Water Supplies. *, 

KnUion Vnd Calculati^..;. Prc.) 

!!!’ralculation of ^" workshop Compalm^ 

Templeton, W. P'racticalM umo, morocco, a o® 
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Thayei, H. R. Structural Design. 8 to. 

Vol. 1 . Elements of Structural Design. a 50 

Vol. II. Design of Simple Structures. 4 50 

Vol. lU. Design of Advanced Structures.(/» Preparalioti.) 

-Foundations and Masonry .(/« Preparation^ 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice.8vo, *3 50 

Thom, C., and Jones, W. H. Telegraphic Connections... .oblong, ismo, 150 

Thomas, C. W. Paper-makers’ Handbook . (In Prese.) 

Thomas, J. B. Strength of Ships .8vo, j 50 

Thomas, Hoht. G. Applied Calculus .ismo, 3 00 

Thompson, A. B. Oil Fields of Russia.4to, 10 00 

-Oil Field Development . 10 00 

Thompson, S. P. Dynamo Electric Machines.i6mo, 0 75 

Thompson, W. P. Handbook of Patent Law of All Countries .. i6mo, i 50 

Thomson, G. Modem Sanitary Engineering . .. umo, *3 00 

Thomson, G. S. Milk and Cream Testing .umo, *2 25 

-Modem Sanitary Engineering, House Drainage, etc. . . . 8vo, *3 00 

Thornley, T. Cotton Combing Machines . 8vo, '*3 50 

-Cotton Waste 8vo, '’3 50 

-Cotton Spinning. 8vo. 

First Year *1 50 

Second Year . *3 50 

Third Year . *2 50 

Thurso, J. W. Modem Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage i6mo, 0 75 

iTImans, J. Water Purification and Sewage Disposal . 8vo, 2 50 

Tinney, W. H. Gold-mining Machinery. 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry. . . 8vo, *2 00 

Tiiard, H. T. Indicators . (In Press) 

Toch, M. Chemistry and Technology of Paints . 8vo, 4 50 

—— Materials for Permanent Painting. ismo, *2 00 

Tod, J., and McGibbon, W. C. Marine Engineers’ Board of Trade 

Examinations. . • . 8vo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, 12 00 

Townsend, F. Alternating Current Engineering 8vo, boards, *0 7S 

Townsend, J. S. Ionization of Gases by Collision . 8vo, *i 25 

Transactions of the American Institute of Chemical Engineers, 8vo. 

Vol. I. to XL, 1908-1918.8vo, each, 6 00 

Traverse Tables i6mo, 0 75 

Treiber, E. Foundry Machinery .umo, 2 00 

Trinks, W. Governors and Governing of Prime Movers.8vo, 3 50 

Trinks, W., and Housum, C. Shaft Governors . i6mo, 0 )5 

Trowbridge, W. P. Turbine Wheels .i6mo, 0 75 

Tucker, J. H. A Manual of Sugar Analysts 8 vo, 3 50 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine .i6mo, 0 75 

Turner, H. Worsted Spinners’ Handbook .izmo, *3 00 

Turrill, S. M. Elementary Course in Perspective .tamo, *i 25 

Twyford, H. B. Purchasing. .8vo, *3 00 

-Storing, Its Economic Aspects and Proper Methods.8vo, 3 50 
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{Tndetfaill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 


•“K® ■ ■ nmo, 3 00 

Dnderwood, M., and Sullivan, T. V. Chemistry and Technology of 

. Printing Inks . 8vo, *3 00 

Urquhart, J. W. Electro-plating. lamo, 2 00 

-Electrotypihg lamo, a 00 

Dsbome, P. 0 . G. Design of Simple Steel Bridges .8vo, *4 00 


Vacher, F. Food Inspector’s Handbook . .lamo, 

Van Nostrand’s Chemical Annual. Fourth issue 1918 fabrikoid, lamo, *'3 00 
—^Year Book of Mechanical Engineering Data (In Press) 

Van Wagenen, T. F. Manual of Hydraulic Minmg i6mo, i 00 

Vega, Baron Von. Logarithmic Tables 8vo, 2 50 

Vincent, C. Ammonia and its Compounds. Trans, by M. J Salter 8vo, *a 50 

Vincent, C Ammonia and its Compounds .. 8vo, 2 50 

Virgin, R. Z. Coal Mine Management (/« Press 1 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres 8vo, 

-Chemistry of Dyestuffs 8vo, iXew Pditiou in Prelniratuni 1 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra . i6mo, 0 75 

Vosmaer, A, Oione.8vo, ’2 50 


Wabner, R. Ventilation in Mines. .8vo, 

vVadmore, T. M. Elementary Chemical Theory umo, 

Wagner, E. Preserving Fruits, Vegetables, and Meat lamo, 

Wagner, H. E,, and Edwards, H. W Railway Engineering Estimates 

(In Press 1 

Wagner, J. B. Seasoning of Wood 8vo, 

Waldram, P. J. Principles of Structural Mechanics . lamo. 

Walker, F. Qynamo Building i6mo. 

Walker, J. Organic Chemistry for Students of Medicine . . 8vo, 

Walker, S. F. Steam Boilers, Engines and Turbines . 8vo, 

-Refrigeration, Heating and Ventilation on Shipboard. nmo, 

-Electncity in Mining , ... 8vo, 

-Electric Wiring and Fitting.8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication . . Svo, 

_Aerial or Wire Ropeways 8vo (Reprinting ) 

•-Preservation of Wood ■ • ■ • 8vo, 

-Refrigeration, Cold Storage and Ice Making . 8vo, 

— Sugar Machinery 

Walsh, T T. Chemistry and Physics of Mining and Mine Ventilation, 

nmo, 

Wanklyn,.]. A. Water Analysis . • nmo, 

Wansbrough, W. D. The A B C of the Differential Calculus .nmo, 

-Slide Valves . 

Waring, ]r., 0 . E. Sanitary Conditions. i6mo, 

1 _Sewerage and Land Drainage . 

-Modern Methods of Sewage Disposal. nmo. 

_How to Dram a House . ni u. 
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Warnea, A. R. Coal Tar Distillation.8vo, eo 

Warren, F. D. Handbook on Reinforced Concrete.lamo, *250 

Watkins, A. Photography.8vo, 13 50 

Watson, E. P. Small Engines and Boilers.umo, ’t 25 

Watt, A. Electro-plating and Electro-refining of Metals.....8vo, 5 00 

-Electro-metallurgy.tamo, too, 

-Paper-Making .8vo, 3 75 

-Leather Manufacture . 8vo, 6 00 

-The Art of Soap Making .8vo, 4'00 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables lamo, 1 00 

Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply.8vo, 5 oa 

Weisbach, J. A Manual of Theoretical Mechanics. 8vo, *6 00 

Weisbach, J., and Herrmann, G. Mechanics of Ait Machinery_8vo, *3 75. 

Wells, M. B. Steel Bridge Designing. 8vo, ‘a sa 

Wells, Robt. Ornamental Confectionery.lamo, 3 00 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes lamo, a ot> 

Wheatley, 0 . Ornamental Cement Work.8vo, *a as 

Whipple, S. An Elementary and Practical Tfoitise on Bridge Building. 

3 vo, 3 od 

White, C. H. Methods of Metallurgical Analysis.umo, 2 $0 

White, G. F. Qualitative Chemical Analysis.umo, 'r 40 

White, G. T. Toothed Gearing. umo, *2 00 

White, H. J. Oil Tank Steamers. umo, i 50 

Whitelaw, John. Surveying.8vo, 4 50 

Whittaker, C. M. The Application of the Coal Tar Dyestuffs 8vo, 3 00 

Widmer, E. J. Military Balloons . 8 vo, 3 00 

Wilcoa, R. M. Cantilever Bridges . i6mo, 0 75 

Wilda, H. Steam Turbines umo, a 00 

-Cranes and Hoists.. umo, a on 

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, 

(Ri'pnnlniq ) 

Williamson, J. Surveying 8vo, *3 00 

Williamson, R. S. Practical Tables in Meteorology and Hypsometry, 

4to, 2 50 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations. 

umo, ■"r as 

Wilson, J. F. Essentials of Electrical Engineering. 8vo, 2 50 

Wimperis, H. E. Internal Combustion Engine . 8vo, '*3 00 

-Application of Power to Road Transport . umo, *t 50 

-Primer of Internal Combustion Engine umo, i 50 

Wincbell, N. H., and A. N. Elements of Optical Mineralogy 8vo, *3 50 

Winslow, A. Stadia Surveying . . i6mo, 0 75 

Wisser, Lieut. J. P. Explosive Materials . i6mo, 

-Modern Gun Cotton .— i6ftio, 0 75 

Wolff, C. E. Modern Locomotive Practice .8vo, *4 20 

Wood, De V. Luminiferous Aether. .i6mo, o 73 

Wood, J. K. Chemistry of Dyeing .tamo, r 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes . .8vo, *10 00 

-Technology of Cellulose Esters. In 10 volumes. 8vo. 

Vol. VIII. Cellulose Acetate *S 00 
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Wr«n, H. OttanomeUlUc Compounds of Zinc and Magnesium, .lamt, i oo 

Wrigjiti A. C. Analysis of Oils and Allied Substances .Byo, *3 50 

Wright, A. C. Simple Method for Testing Painters’ Materials gvs, a 50 

Wright, F. W. Design of a Condensing Plant..ismo {Reprinting.) 

Wright, H. E. Handy Book for Brewers. 8to, *6 00 

Wright, J. Testing, Fault Finding, etc., for Wiiemen i6mo, 0 50 

Wright, T. W. Elements of Mechanics . . 8vo, 50 

Wright, T. W., and Hayford, J. F, Adjustment of Observations . 8vo, *3 00 
Wynne, W. E., and Sparagen, W. Handbook of Engineering Mathe 

matics .. irmo, 2 00 


Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 


8vo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers 8vo, *4 00 

Young, H, B. The Banket ... .. ... 8vo, 3 50 

Youngeon. Slide Valve and Valve Gears .. 8vo, 3 00 

Zahner, R. Transmission of Power. . . lOmo, 

Zeuner, A. Technical Thermodynamics. Two Volumes Bvo, 8 00 

Zimmer, G. F. Mechanical Handling and Storing of Materials ato, ij 00 

-Mechanical Handling of Material and Its National Importance 

During and After the War. 4to, 4 00 

Zipser, J. Textile Raw Materials . 8vo, 5 00 


Zur Hedden, F. Engineering Workshop Machines and Processes ,8vo, 2 00 
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